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ABSTRACT 
The taxonomic diversity of Jurassic pterosaurs is more poorly understood than that 
of their Cretaceous counterparts. Early to Middle Jurassic pterosaur-bearing 
formations are rare and suffer from a low fossil yield, resulting in an apparent Late 
Jurassic diversity spike. Recent studies have suggested this is a preservational bias 
rather than a taxonomic signal, however this is difficult to test given the low number 
of sizeable Jurassic pterosaur collections. The United Kingdom possesses Lower, 
Middle and Upper Jurassic pterosaur bearing horizons containing hundreds of 
fossils, making it one of the best Jurassic assemblages suitable for testing taxic 
diversity. Lower Jurassic deposits remain low yield but include the holotypes of 
Dimorphodon and Parapsicephalus. Parapsicephalus has previously been 
synonymised with Dorygnathus but is found to be a unique genus. An isolated 
humerus is identified as a campylognathoidid, marking the first occurrence of the 
group in Britain. The Middle Jurassic Taynton Limestone Formation (informally 
known as the Stonesfield Slate) has yielded more than 400 isolated pterosaur fossils 
with only one named genus, Rhamphocephalus. The type of Rhamphocephalus, is 
identified here as a teleosaurid skull table with the genus considered a nomen 
dubium. A new genus is erected for an isolated mandible and the Taynton 
Limestone Formation is found to include at least 3 pterosaur taxa. The Middle-Upper 
Jurassic Oxford Clay Formation is found to have a low diversity with the only named 
genus, Rhamphorhynchus jessoni, identified as a nomen dubium. The Upper 
Jurassic Kimmeridge Clay Formation has produced at least 4 pterosaurs, including 
a new species of Rhamphorhynchus. These findings suggest that Jurassic 
pterosaur diversity has been underestimated and is most likely higher than 
traditionally believed.  
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40126b. Abbreviations – dpc, deltopectoral crest; ect, ectepicondyle; ent, 
entepicondyle; pf, pneumatic foramen; tro, trochlea. Scale = 5 mm.                       148 
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Chapter 1: An introduction to British Jurassic pterosaurs.  
 
1.1. Introduction 
Britain has one of the oldest collections of Jurassic pterosaur fossils in the world, 
consisting of more than 300 individual specimens recovered from Hettangian – 
Tithonian aged deposits (see Chapters 3-7). This material has been accessioned 
across more than 20 institutions (see Appendix 2-5). Not only does it include some 
of the earliest and therefore most historically significant pterosaur fossils, but it is 
one of the largest collection of pre-Tithonian pterosaurs available. This is significant 
as recent studies into pterosaur diversity suggests our understanding of pterosaur 
taxonomy during most of the Jurassic is deficient. This is a key period in pterosaur 
evolution and any material that might improve our understanding of Jurassic 
diversity requires examination. As the largest collection available, the British 
material is uniquely suited for improving upon our knowledge base of Jurassic 
pterosaurs. This thesis re-examines the British Jurassic pterosaur assemblage with 
the intent of recognising and identifying taxa, testing the validity of several named 
genera and ultimately provide a more reliable picture of Jurassic pterosaur diversity. 
 
1.1.1. The “Jurassic Pterosaur Gap”: pterosaur diversity signals  
Pterosaur diversity has been subject to renewed attention in recent years (Butler et 
al., 2009; Butler et al., 2012). The established model argues that pterosaurs most 
likely appeared in the Middle Triassic and, while not evolutionarily static, did not 
undergo any radical morphological shifts during the Late Triassic and most of the 
Early to Middle Jurassic. In the Late Jurassic and Early Cretaceous the pterosaurs 
experienced a major diversification event, evolving numerous new bauplans. They 
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remained diverse throughout the Early Cretaceous before undergoing an 
evolutionary bottleneck effect in the Late Cretaceous. By the Cretaceous-
Palaeogene (K-Pg) extinction only the Azhdarchidae and Pteranodontidae 
remained (Unwin, 2006).  A series of publications by Butler et al. (2009; 2011; 2012; 
2013) tested pterosaur species richness and disparity against the number of 
pterosaur sites throughout time, the preservational quality of pterosaur fossils, the 
focus and/or sampling biases of pterosaur workers, and Lagerstätten effects. The 
results of these studies showed that Cretaceous species richness and disparity does 
not correlate with the number and quality of pterosaur producing sites. Regardless 
of the amount of fossils recovered from a horizon, the diversity signals remained the 
same. This suggests that the Cretaceous pterosaur record represents a reasonably 
accurate snapshot of pterosaur evolution. In contrast they found that for most of the 
Triassic and Jurassic, pterosaur species richness and disparity correlates with the 
number of pterosaur horizons. Furthermore, they argued that the seeming explosion 
in pterosaur diversity in the Late Jurassic correlates with several pterosaur 
Lagerstätte, particularly the Solnhofen Limestone. This suggests that the low 
diversity signal for the Triassic and the Jurassic is an artefact of the fossil record, 
and is likely the result of the much lower number of Jurassic pterosaur producing 
sites. While Butler et al. (2013) do recognise the possibility that pterosaurs were 
probably constrained in their early evolution, these studies strongly suggest that our 
current estimates of Jurassic pterosaur diversity and disparity are based off of 
biased data, creating a gap in our understanding of pterosaur evolution which is 
referred to here as the Jurassic Pterosaur Gap (JPG). Any opportunity to fill in the 
JPG should be taken but the issue is that with such a poor Jurassic record, what 
options are available? While recent years indicate that Chinese pterosaur sites may 
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be valuable in this capacity, a potentially overlooked resource is the pterosaur 
assemblage of the United Kingdom. 
 
1.1.2. British pterosaurs and their value in diversity studies 
The British Jurassic pterosaur record is uniquely suited for studies into taxonomic 
diversity and the JPG. Unlike other Jurassic pterosaur assemblages, the British 
pterosaur fossil record contains examples from the Hettangian to the Tithonian, 
covering the vast majority of the Jurassic period (Wellnhofer, 1991; Witton, 2013). 
Only the German assemblage compares, but it lacks Middle Jurassic pterosaurs. 
Secondly British sites have yielded an enormous number of fossils, more than 300 
specimens accessioned in at least twenty institutions (see Appendix 2-5). Most of 
these have been recovered from the Middle Jurassic “Stonesfield Slate” of 
Oxfordshire (see Chapter 5). While the preservation of British pterosaurs is highly 
variable, ranging from three dimensional skulls to associated skeletons to isolated 
scraps of bone, they remain valuable in identifying higher taxa or morphotypes. 
Furthermore, several British taxa have been erected which would benefit from 
detailed reappraisal. For example, the entirety of the Bathonian “Stonesfield Slate” 
pterosaur material has been placed into the genus Rhamphocephalus Seeley, 1880 
but no comprehensive taxonomic appraisal has been undertaken on the material for 
over one hundred years. Despite the number of specimen assigned to the genus 
(see Appendix 2-5), the validity of Rhamphocephalus has never been formally 
tested. Given the size of the collection, it is not only likely to contain several taxa but 
it may be able to provide a diversity signal independent of the issues raised in 
Section 1.1.1.  
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1.1.3. Aims and objectives  
This thesis provides the first extensive re-evaluation of the British Jurassic pterosaur 
material in over a century. In reviewing more than four hundred Lower, Middle and 
Upper Jurassic pterosaur fossils, this thesis will test the validity of all but one of the 
Jurassic taxa erected in Britain (the genus Dimorphodon Owen, 1859a is excluded 
from this analysis as it was reappraised by Sangster, 2003. The results of this 
analysis are not yet to be published) and will examine various collections from 
across Britain for previously unrecognised diagnosable material, allowing for greater 
taxonomic resolution. Particular focus is given to the “Stonesfield Slate” pterosaur 
assemblage, which is currently the largest collection of Middle Jurassic pterosaur 
fossils in the world. 
 
1.2. A brief overview of pterosaur research. 
One of the most uncommon evolutionary transitions among tetrapods is the 
development of powered flight. Unlike the terrestrial to aquatic transition which 
occurred independently in numerous unrelated groups (Wallace, 2008; Lindgren et 
al., 2010), only three tetrapod clades have become volant. Bats (Chiroptera) 
developed powered flight in the Eocene (Jepsen, 1966; Simmons et al., 2008) and  
fully volant birds (Aves) are known as far back as the Late Jurassic/Early 
Cretaceous (Godefroit et al., 2013), but the first truly volant tetrapods were the 
Pterosauria: a specialised group of archosaurs which appeared in the early Late 
Triassic. The clade was named by Kaup (1834), referring to archosaurs capable of 
powered flight through the use of a highly modified hypertrophied fourth manual digit 
which acted as the anterior leading edge of the wing and support for a filamentous 
flight membrane. While the origins of birds and bats are relatively well understood 
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(Thewissen, 1992; Gunnell and Simmons, 2005) the early evolutionary history of 
pterosaurs remains unclear (Bennett, 1996; Benton, 1999; Nesbitt, 2011), in large 
part due to the lack of transitional “proto-pterosaurs”. Although the morphology of 
hypothetical pterosaur ancestors has been speculated upon (Norberg, 1985; 
Rayner, 1988; Wellnhofer, 1991; Witton, 2013) and several groups have been 
suggested as potential antecedents (Bennett, 1996; Nesbitt, 2011), Triassic 
pterosaurs are so highly modified in comparisons to other coeval archosaurs that 
their evolutionary beginnings remain a mystery.  
 
While the origins of the Pterosauria are unknown, the general trends of their 
evolution are relatively well understood. Pterosaurs are divided into basal non-
monofenestratans which possess separate nares and antorbital fenestra, and 
derived monofenestratans which possess confluent nares and antorbital fenestrae 
(Lü et al, 2010; Witton, 2013). Basal pterosaurs first appear in the Norian (Wild, 
1984) while the first monofenestratans appear in the Bathonian (Lü et al., 2010). 
The latter group would eventually supplant their predecessors and become the 
dominant volant tetrapod during the latest Jurassic, with non-pterodactyloids 
vanishing from the fossil record in the Early Cretaceous (Unwin et al., 2000; Witton, 
2013). While pterosaurs underwent a decline in the Late Cretaceous, they managed 
to endure until the K-Pg extinction. The clade did not survive the mass extinction, 
giving them an aura of mystery absent in archosaurs with extant descendants. The 
enigma of the Pterosauria has ensured that they have a significant place in 
vertebrate palaeontology.   
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1.2.1. The first pterosaur. 
The history of pterosaur research stretches back to the earliest days of detailed 
vertebrate palaeontology. The first probable pterosaur elements to be described 
were isolated bones from the Cotswolds of England (Anon, 1757; see Chapter 5), 
but these elements were at the time believed to be avian. The first pterosaur 
skeleton recognised as a novel animal was a specimen from the Solnhofen 
Limestone Formation, described by Collini (1784). The fossil (BSP AS I 739, Fig. 
1.1) is a near complete skeleton which exhibits a highly extended skull and elongate 
forelimbs. The latter is distinguished by the possession of a hypertrophied fourth 
wing digit. Collini (1784) recognised a loose morphological similarity to modern bats 
but suggested that the specimen was an aquatic animal, based on the somewhat 
dubious reasoning that many aquatic organisms are highly unusual by terrestrial 
standards. It was Johann Hermann who is first believed to have suggested that the 
elongate finger supported some form of soft tissue flight membrane, believing BSP 
AS I 739 to be a volant mammal (Fig. 1.1, Taquet and Padian, 2004). He 
communicated these ideas to French anatomist Georges Cuvier who published a 
brief discussion (Cuvier, 1801) arguing that: 
 
“It is not possible to doubt that the long finger served to support a membrane that, 
by lengthening the anterior extremity of this animal, formed a good wing” (Cuvier, 
1801). 
 
Cuvier disagreed with Hermann on the actual identification, considering BSP AS I 
739 to be an unknown form of reptile. A more detailed publication (Cuvier, 1809)  
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provided a more in-depth description which included the first use of the term “Ptero-
dactyle”, but the specimen was not given a formal binomial epithet. Sömmerring 
(1812) introduced the binomial Ornithocephalus antiquus von Sömmerring, 1812 but 
 
 
Fig. 1.1. (A) BSP AS I 739, the type specimen of Pterodactylus antiquus. From 
www.wikiwand.com. (B) Pterodactylus reconstructed by Johann Hermann as a volant 
mammal. From Taquet and Padian (2004), Fig. 1.  
 
disagreed with Cuvier’s (1809) interpretation, considering it to be a bat-like animal 
transitional between mammals and birds. In the same year, Cuvier (1812) provided 
further discussion of the fossil, noting major differences between BSP AS I 739 and 
bats including the structure of the wing digit and the relatively simplistic isodont 
dentition. At the same time, he emphasised the reptilian nature of the teeth, 
vertebrae and pelvis. While several authors would hold onto the idea of BSP AS I 
739 being mammalian (von Sömmerring, 1829; Newman, 1843), the reptilian 
identification was for the most part accepted. The name O. antiquus would later be 
considered a junior synonym of Cuvier’s (1809) “Ptero-dactyle”, formalised into 
Pterodactylus Cuvier, 1809 (Cuvier, 1819).  While Cuvier (1819) attempted to 
emend the name to Pterodactylus longirostris Cuvier, 1819, Lydekker (1888) 
considered that the species antiquus should be retained and declared Pterodactylus  
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antiquus to be the type species of the genus Pterodactylus. 
 
1.2.2. The 19th Century pterosaur taxonomic blitzkrieg 
The 19th century underwent something of a minor explosion in pterosaur research. 
Comparatively little focus was put on pterosaur ecology as palaeontologists often 
transplanted bat or bird behaviour onto pterosaurs (Wellnhofer, 1991). The primary 
focus appeared to be identifying as many taxa as possible. Many new and often 
dubious genera and species were erected, including some of the most famous 
pterosaurs known today, studied by some of the most famous names in 19th century 
palaeontology such as Sir Richard Owen, O. C. Marsh, and H. G. Seeley (Unwin, 
2005).  
 
The Late Jurassic Solnhofen Limestone proved to the most productive pterosaur 
site in Europe with numerous exceptional specimens discovered during excavations 
for high quality lithographic limestone. Many of these pterosaurs were identified as 
new species of Pterodactylus (e.g. von Sömmerring, 1816; Ritgen, 1826; Wagner, 
1837), but most have since been synonymised with Pt. antiquus (Wellnhofer, 1970; 
Bennett, 2013; Vidovic and Martill, 2014). A few rarer specimens have formed the 
basis for new genera (Bennett, 2013; Vidovic and Martill, 2014). One of the few 
pterosaurs to be recognised as a new genus in the 19th century was 
Rhamphorhynchus von Meyer, 1847. The type specimen of Rhamphorhynchus (Fig. 
1.2) was a skull preserved in dorsal view with associated lower jaw (Goldfuss, 1831). 
It was one of the many scientific losses incurred during the Allied bombing of 
Germany during World War II but a number of plastotypes are accessioned in 
institutions around the world. At the time of its discovery Goldfuss (1831) assumed  
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the specimen represented a new species of Ornithocephalus naming it O. muensteri  
Goldfuss, 1831.  A more complete animal with a similar skull (Fig. 1.2) was  
 
 
Fig. 1.2. (A) The now lost holotype of Rhamphorhynchus muensteri. From Wagner (1851), Tab. 
2, fig. 2. No scale provided. (B) TM 6924, the type specimen of Rhamphorhynchus longicaudus. 
From Wellnhofer (1975), Abb. 18. 
 
described by Münster (1839) but considered to be a separate species O. 
longicaudus Münster, 1839. Meyer (1847) was the first to recognise that the animal 
was distinct from Pterodactylus and erected the new genus Rhamphorhynchus 
Meyer, 1847. Today Rhamphorhynchus has a taxonomic history as complex as that 
of Pterodactylus, with numerous species assigned to it in the 19th and 20th century 
only to later be synonymised with R. muensteri (Bennett, 1995) or declared 
indeterminate (see Chapters 6 and 7). The taxonomy of Rhamphorhynchus is highly 
relevant to this thesis and a review is provided in Chapter 7. By comparison other 
Late Jurassic German pterosaur genera erected in the 19th century have 
considerably simpler taxonomic histories. A fragmentary jaw (Fig. 1.3) described by 
Münster (1832) was identified as a new species of telosaurid crocodylomorph, 
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Crocodilus multidens Münster, 1832. Meyer (1834) supported the crocodylomorph 
identification but placed it in a new taxon, Gnathosaurus subulatus von Meyer, 1834. 
Oppel (1862) suggested the jaw was pterosaurian and the description of a complete 
skull (Fig. 1.3) by Mayr (1964) showed G. subulatus to be a highly specialised filter 
feeding pterosaur (Wellnhofer 1991). Goldfuss (1830) described a near complete  
 
 
Fig. 1.3. (A) Holotype of Gnathosaurus subulatus as figured in Buffetaut and Jeffery (2012), 
Fig. 1. (B) JME-SOS 4580, a complete skull referred to Gnathosaurus by Maer (1964). No scale 
included.  
 
pterosaur (Fig. 1.4) with a similar dental morphology to Rhamphorhynchus but which 
appeared to lack the long tail (an interpretation later proven false, see Bennett 2014). 
It was named Pterodactylus crassirostris Goldfuss, 1830 but the similarities to 
Rhamphorhynchus later led Pt. crassirostris to being renamed Rhamphorhynchus 
crassirostris Wagner, 1858. Wagner (1861) re-examined the specimen, recognising 
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that the animal was distinct from Rhamphorhynchus and renamed it Scaphognathus 
crassirostris Wagner, 1861. Quenstedt (1855) described a near complete pterosaur 
(Fig. 1.5) from the Late Jurassic (Kimmeridgian) Nusplingen Limestone (Klug et al., 
2005). The skull morphology was distinct from all previously discovered pterosaurs, 
possessing an upturned edentulous jaw. Despite its singular nature Quenstedt 
(1855) did not place it in a new genus and named it Pterodactylus suevicus 
Quenstedt, 1855. Seeley (1870) argued that Pt. suevicus was distinct from 
Pterodactylus and erected the new genus Cycnorhamphus. Also from the Solnhofen 
Limestone, a single pterosaur jaw bearing elongate filter-feeding teeth was 
described by Meyer (1852). While similar to Gnathosaurus the thin, densely packed 
teeth (Fig. 1.6) supported its being placed in a new genus, Ctenochasma roemeri 
von Meyer, 1852. Although the majority of 19th century German pterosaurs were 
from Late Jurassic plattenkalks, important Lower Jurassic pterosaurs were 
discovered in the Toarcian Posidonia Shale of Baden-Württemberg. The first of 
these was described by Theodori (1831) based on an isolated lower jaw (Fig. 1.7). 
It was originally regarded as a new species of Ornithocephalus and named 
Ornithocephalus banthensis Theodori, 1831. Wagner (1860) later concluded that 
the specimen was probably related to Rhamphorhynchus but was sufficiently distinct 
to be given its own genus, and thus he erected Dorygnathus Wagner, 1860 for its 
reception. A second taxon based on a partial wing (Fig. 1.8) was described by 
Quenstedt (1858) who named it Pterodactylus liasicus Quenstedt, 1858. Plieninger 
(1894) described a more complete animal (Fig. 1.8) which he named 
Campylognathus zitteli Plieninger, 1894, distinguished from other pterosaurs by the 
ratios of the lengths of the wing bones and its distinctive dentition. However, the 
synonymy of Pt. liasicus and C. zitteli was not recognised until Plieninger (1901). 
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As has been made evident, Germany was very much the focal point of pterosaur 
research in the 19th century. While pterosaur remains were encountered in other 
countries the quality and taxonomic value of the German fossils was exceptional. 
Only the United Kingdom and the United States possessed named pterosaurs, most 
of which were highly fragmentary. Buckland (1829) described a near complete semi-
articulated pterosaur from the Blue Lias Formation of Dorset (Fig. 1.9) which had 
 
 
Fig. 1.4. Scaphognathus crassitrostris GPIB 1304, collected from the Solnhofen Limestone 
Formation in Eichstätt, Bavaria. From Goldfuss (1831). No scale included.  
 
been discovered by fossil collector Mary Anning. It was identified as having a 
somewhat heterodont dentition with small medial teeth and expanded anterior teeth. 
Recognising this Owen (1861) redescribed the animal as a new species, 
Pterodactylus macronyx Buckland, 1829 but subsequent specimens showed it to be 
distinct from Pterodactylus in having an unusually short and robust skull. Owen 
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(1861) amended his diagnosis and gave it the new name Dimorphodon macronyx 
Owen, 1861. Newton (1888) described an exceptionally preserved pterosaur skull 
from Loftus, Yorkshire which he considered a new genus of Scaphognathus, naming 
it Scaphognathus purdoni Newton, 1888. This skull was re-examined by Arthaber 
(1919) who considered it to represent a new dimorphodontid pterosaur based on 
the dorsal curvature of the skull, renaming the animal Parapsicephalus purdoni 
(Newton, 1888). The nature of this skull remains debatable (see Chapter 3). 
 
 
Fig. 1.5. Cycnorhamphus suevicus GPIT 80. From Bennett (2012), Fig. 3. No scale included.  
 
1.2.3. The early – middle 20th Century pterosaur lull 
As in all sciences, the amount of focus on a particular aspect of palaeontology  
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undergoes ebbs and flows.  Pterosaurs underwent a significant ebb in the period 
between 1901 and 1970, possibly due to a growth in interest in dinosaur research. 
A simple test using the Google scholar function reveals that in the period 1800 to 
1900, dinosaur papers outnumber pterosaur papers by approximately 1.4:1. 
Between 1900 and 1970 this had increased to 8.6:1. Despite this reduced interest, 
a number of new pterosaur taxa were erected in the early to mid-20th century, 
coupled with a seeming shift in taxonomic priorities. While the 19th century could be 
viewed as a time when species erection and description was the mainstay, the 20th 
century focused more on the establishment of new genera. The name 
Campylognathus was realised to have been previously occupied by a heteropterid 
insect and the pterosaur was renamed Campylognathoides liasicus Strand, 1928. 
 
 
Fig. 1.6. Several examples of Ctenochasma from Bennett (2007), Fig 2. Scale = 50 mm.  
 
Döderlein (1923) described an extremely small adult pterosaur possessing small  
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pin-like teeth (Fig. 1.10) which he named Anurognathus ammoni Döderlein, 1923.  
A new pterosaur (Fig. 1.11) with broad, robust teeth from the Solnhofen Limestone 
was described by Wiman (1925). Originally identified as Pterodactylus cristatus 
Wiman, 1925, Young (1964) recognised it to be a separate genus, renaming it 
Germanodactylus cristatus Young, 1964. 
 
One of the most significant publications on pterosaur research was produced during 
this period. Dragons Of The Air (Seeley, 1901) was the first publically accessible 
textbook on pterosaurs. It discussed aspects of pterosaur osteology, flight and 
taxonomy in an easy to understand format intended to introduce pterosaurs to the 
layman. This book not only allowed the public to gain an understanding of 
pterosaurology, but represents a significant step forward in the bridging of the gap 
between somewhat isolationist academics and the general populace.  
 
 
 
Fig. 1.7. PSB 757 ⁄ 758, the type material of Dorygnathus banthensis. From Padian and Wild 
(1992), Fig. 1. No scale included.  
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1.2.4. The late 20th – early 21st Century pterosaur revolution 
In contrast to the first seven decades of the 20th century, the last thirty years saw a  
sharp rise in the amount of pterosaur research. Pterosaur research was 
revolutionised, both in terms of taxonomic identification and ecological 
understanding, in part due to the development of new phylogenetic methods and a 
greater focus on pterosaur palaeobiology. Despite this new trend, three significant 
taxonomic papers were published between 1970 and 1980. Wellnhofer (1970) 
provided the first comprehensive taxonomic revision of Pterodactylus, reducing it 
from dozens of nominal species to just six. Subsequent authors would build upon 
 
 
Fig. 1.8. SMNS 9787, the holotype of Campylognathoides zitteli. From Plieninger (1894), Fig. 
1. No scale included.   
 
this work and now there is a single definitive species (P. antiquus) and one currently 
dubious species (Pterodactylus kochi Wagner, 1837) (Bennett, 2003; Bennett, 2013; 
Vidovic and Martill, 2014). Wellnhofer (1975) performed a similar but even more 
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comprehensive revision on the genus Rhamphorhynchus. This analysis illustrated 
all aspects of the skeleton, provided a detailed specimen list and presented a 
revised taxonomic description. In the process the Rhamphorhynchus species count  
was reduced from ~20 to just 5. Bennett (1995) would further revise this to a single 
 
 
Fig. 1.9. Dimorphodon macronyx NHMUK PV R 1034. From Buckland (1829), Plate 37. 
 
species. Wellnhofer’s final major contribution to the pterosaur revival of the 1970s 
was his Flugsaurier Handbuch (Wellnhofer, 1978) which catalogued pterosaur 
genera, osteology and ecology. Wellnhofer’s three publications provided a new 
baseline for much of the pterosaur research of the next 45 years. Wellnhofer also 
produced The Illustrated Encyclopedia of Pterosaurs (Wellnhofer, 1991), a book 
which aimed to present the science of pterosaurs in a format which the lay person 
would find accessible. This book was only the second of its kind, following in the 
footsteps of Seeley’s Dragons of the Air (Seeley, 1901). It not only provided an up-
to-date overview of pterosaur science but gained public appeal using the palaeoart 
by John Sibbick. Together with its sister volume on dinosaurs (Norman, 1988), it 
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continues to serve as one of the strongest introductions to Mesozoic archosaur 
palaeontology available.  
 
A scientific revolution cannot be driven by a single author and numerous 
palaeontologists were involved in the late 20th century expansion of pterosaur 
research. Logue (1977), Unwin (1988a), Lockley et al. (1997), Wright et al. (1997) 
and Clark et al. (1998) discussed various aspects of pterosaur trace fossils and  
 
 
Fig. 1.10.  The complete second specimen of Anurognathus ammoni. From Pterosaur.net. No 
scale included. 
 
terrestrial locomotion. McMasters (1976), Padian and Rayner (1993), Unwin et al., 
(1996), Bennett (1997) and Padian and Warheit (1999) re-examined the 
construction of the pterosaur wing and the mechanics of pterosaur flight. Bennett 
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(1996), Kellner (1996), and Unwin and Lü (1997) considered pterosaur 
phylogenetics in a modern light. Brower and Veinus (1981), Bennett (1993), and 
Padian et al. (1995) analysed pterosaur osteology, ontogeny and palaeobiology. 
Dalla Vecchia et al. (1989) and Currie and Jacobson (1995) described specimens 
showing evidence of predation upon pterosaurs. Molnar (1980), Wiffen and Molnar 
 (1988), Meyer and Hunt (1999), Ikegami et al. (2000) and Martill et al. (2000) 
expanded the pterosaurs geographic range. Martill and Unwin (1989), Buffetaut 
(1995), Kellner (1996), Martill and Frey (1998) and Unwin et al. (2000) recorded 
pterosaur Lagerstätte and several exceptionally preserved specimens. Martill and 
Unwin (1989) also reinvigorated interest in the nature of pterosaur flight membranes. 
This small sampling of publications shows the sudden expansion of the breadth of 
pterosaur research. 
 
 
Fig. 1.11. BSPG 1892 IV 1, the holotype of Germanodactylus cristatus. Photo provided by Mark 
Witton (2012). No scale included 
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Unsurprisingly, there was a corresponding increase in the number of pterosaur 
genera erected in this >30-year period. One of the most significant pterosaur finds 
of the seventies was that described by Sharov (1971). It was a near complete 
pterosaur (Fig. 1.12) from the Late Jurassic of Kazakhstan with a well-developed 
corona of hair-like integument named pycnofibres (Kellner et al., 2009). While early 
pterosaur discoveries had suggested the presence of an integument on some 
pterosaur fossils (Goldfuss, 1831), this specimen provided strong evidence that not  
 
  
Fig. 1.12.  Sordes pilosus PIN 2585/3 from the Late Jurassic of Kazakhstan. From Elgin et al. 
(2011). No scale included.  
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only was it present but that it was spread across the entire body of the animal. 
Sharov (1971) named this new pterosaur Sordes pilosus Sharov, 1971 or “furry 
devil”. A rare Late Triassic pterosaur was described by Zambelli (1973; Fig. 1.13). 
Unlike the majority of pterosaurs, this animal possessed a heterodont dentition and 
was consequently named Eudimorphodon rosenfeldi Zambelli, 1973. A second 
genus of anurognathid was described by Ji et al. (1999), Dendrorhynchoides  
curvidentatus Ji et al., 1999, which has since been recognised as being a highly 
unusual anurognathid due to the morphology of the tail (Lü and Hone, 2012). Today 
pterosaur research continues unabated and, if anything, the rate of discovery of new 
forms has accelerated. More pterosaur genera have been described in the last  
 
 
Fig. 1.13.  Eudimorphodon rosenfeldi MCSNB 2888 from Bergamo, Italy. From Wild (1978). 
 
fourteen years than the previous two centuries, with close to a 100 new genera 
erected (Unwin, 2003; Kellner, 2003; Andres et al., 2010; Witton, 2013; Andres et  
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al., 2014). Numerous basal pterosaurs have been described including Caviramus  
Fröbisch and Fröbisch, 2006 and Carniadactylus Dalla Vecchia, 2009. The number 
of taxa in several basal pterosaur families was expanded upon (e.g. Wang et al., 
2002; Gasparini et al., 2004; Lü et al. 2010; Hone et al. 2012) and the taxonomic 
diversity of the pterodactyloids has significantly increased (Lü and Ji, 2005; Andres 
et al., 2014; Vidovic and Martill, 2014). Several new pterosaur groups have been 
erected (Howse et al., 2001; Lü et al., 2006; Lü et al., 2008), with one recent 
discovery representing a dramatic shift in our understanding of pterosaur evolution 
(Wang et al. 2009, Lü et al. 2010). Nowhere is this rapid upheaval better seen than 
in the numerous competing phylogenies which have arisen in the last decade, often 
producing wildly different relationships (Unwin, 2003; Kellner, 2003; Lü et al., 2011; 
Andres and Myers, 2013; Wang et al., 2014; Andres, 2014). Our understanding of 
their ecology has changed dramatically (Witton, 2013) with pterosaurs going from 
clumsy, oceanic gliders to active flyers inhabiting numerous environments and diets.  
 
The sharp upturn in pterosaur research since 1970 has created a framework for the 
re-evaluation of previously described material. In particular, modern pterosaur 
taxonomic practices have changed markedly from those of the 19th century. 
Therefore prior to any evaluation of the taxonomic content of any assemblage, the 
appropriate species definition must be considered.   
 
1.3. Thesis chapter layout 
The analysis performed here examines multiple aspects of pterosaur osteology and 
evolution. Chapter 2 provides an overview of British Jurassic pterosaur stratigraphy 
with a discussion of the complex geological context and history of the “Stonesfield 
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Slate”. Chapter 3 presents the materials and methodology used in studying 
pterosaur taxonomy.  Chapter 4 analyses the diversity and validity of Toarcian 
pterosaurs of Britain with an in depth discussion of Parapsicephalus and several 
isolated elements are described, one of which represents the first occurrence of a 
pterosaur family in the UK. Chapter 5 discusses Aalenian pterosaur ichnofossils. 
Chapter 6 focuses upon the Bathonian pterosaurs of the Cotswolds region, 
providing an overview of the history of British Bathonian pterosaurs. It also tests the 
taxonomic validity of the genus Rhamphocephalus and considers how applicable 
the genus is to the vast majority of Stonesfield material referred to it. The majority 
of Bathonian pterosaurs are examined for morphospecies signals. Finally, a new 
genus of basal pterosaur is described based on a distinctive pterosaur. Chapter 7 
discusses the pterosaur material collected from the Oxford Clay, specifically the 
taxon Rhamphorhynchus jessoni Lydekker, 1890. Chapter 8 describes the 
pterosaurs of the Kimmeridge Clay, particularly those of The Etches Collection and 
identifies a new species of Rhamphorhynchus. Chapter 9 summarises the points of 
the previous chapters and discusses what implications this study has with regards 
to the taxonomic diversity of pterosaurs in the Jurassic as a whole. Finally, several 
appendices list the specimens referenced in this study, their osteological 
identification, the collection to which they are accessioned and a list specimens used 
to estimate pterosaur wingspan. 
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Chapter 2: The pterosaur-bearing horizons of the British Jurassic 
 
2.1.     Introduction  
The British Jurassic is among one of the best understood geological systems with 
thousands of detailed analyses published since the 19th Century (Arkell, 1933; 
Wright and Cox, 2001; Cox and Sumbler, 2002; Winchester and Morris, 2002; 
Simms et al., 2004). Jurassic strata crop out widely in the UK, but the main outcrop 
extends from Dorset in the south west to Yorkshire in the north, with further outcrops 
in Scotland (Waterson, 1951; Hudson, 1980; Hunter and Easterbrook, 2004). This 
sequence can broadly be divided into lithologically discrete sections with vertebrate 
remains occurring in each (Fig. 2.1). These units include the Blue Lias and Whitby 
Mudstone formations of the Lower Jurassic (Fig. 2.2; Buckland, 1829; Newton, 
1888); the oolitic formations of the Great Oolite Group of the Middle Jurassic (Fig. 
2.3; Benton and Spencer, 1995; Cox and Sumbler, 2002); the Middle to Upper 
Jurassic Oxford Clay Formation (Fig. 2.9; Martill and Hudson, 1991), the Upper 
Jurassic Corallian Group (Wright and Cox, 2001) and the Upper Jurassic 
Kimmeridge Clay Formation (Fig. 2.10; Gallois, 2000; Etches and Clarke, 2010). 
Pterosaurs have been recovered from each unit excepting the Corallian Group with 
the preservational quality and number of specimens varying considerably with each 
unit.  
 
2.2.     The Blue Lias Formation of Dorset. 
The Blue Lias Formation (Fig 3.2) of Lyme Regis, Dorset is an Upper Rhaetian-
Lower Sinemurian (Upper Triassic-Lower Jurassic) unit forming the base of the Lias 
Group (Simms et al., 2004). It outcrops across the south-west coast of Britain, 
 25 
 
forming a large section of the Jurassic Coast World Heritage Site (Cochrane, 2008). 
It consists of alternating grey micritic limestones interbedded with marl or laminated  
 
 
Fig. 2.1. Simplified stratigraphic column of the British Jurassic highlighting the pterosaur 
producing units. Modified from Benton and Wright and Cox (2001); Cox and Sumbler (2002); 
Simms et al. (2004); Benton and Spencer (2005).  
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shale beds (Simms et al., 2004). These limestones may be either laminated or 
nodular (Paul et al., 2008). The Blue Lias Formation is a significant vertebrate 
producing unit with numerous exceptionally preserved vertebrate fossils recovered 
including Scelidosaurus Owen, 1859; Plesiosaurus Conybeare, 1821; 
 
 
Fig 2.2. Zonation and bed numbers of the Blue Lias Formation at Lyme Regis, Dorset. Modified 
Simms et al. (2004).  
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Ichthyosaurus de la Beche and Conybeare, 1821; Rhomaleosaurus Seeley, 1874; 
and numerous bony and cartilaginous fish (Radley, 2002). Included in this 
assemblage are several near complete specimens of the basal pterosaur 
Dimorphodon, the first British pterosaur to be formally described (Buckland, 1829), 
although it is unknown which horizon it was collected from.  
 
 
Fig 2.3. Simplified stratigraphic column for the Lower Toarcian Whitby Mudstone Formation 
of Yorkshire. All pterosaur material has been recovered from the Alum Shale/Hard Shale beds 
of the Alum Shale Member. Modified from Simms et al. (2004). 
 
2.3.     The Toarcian Whitby Mudstone Formation  
The Whitby Mudstone Formation (Fig. 2.3) is a Toarcian (Lower Jurassic) lithological 
unit outcropping across the north-east of England (Simms et al., 2004) including 
Loftus Quarry and Scunthrope, Yorkshire. It is divided into two sub-units; a lower 
Mulgrave Shale Member and an upper Alum Shale Member. The Mulgrave Shale 
Member is dominated by bituminous shales containing pyritic or sideritic concretions, 
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while the Alum Shale Member comprises of banded, pyritous shales interbedded 
with layers of calcareous nodules (Simms et al., 2004). The Whitby Mudstone has 
yielded several exceptionally preserved Mesozoic reptiles including the plesiosaurs 
Eretmosaurus Seeley, 1874, Macroplata Swinton, 1930, Sthenarosaurus Watson, 
1911, Microcleidus Watson, 1911 and Thaumatosaurus Meyer, 1841; the 
ichthyosaurs Stenopterygius Jaekel, 1904, Temnodontosaurus Lydekker, 1889 and 
Eurhinosaurus Abel, 1909; the thallattosuchians Steneosaurus Geoffroy, 1825 and 
Pelagosaurus Bronn, 1841; and indeterminate theropod remains (Benton and 
Spencer, 1995). Three pterosaur specimens have been recovered from the Alum 
Shale Member (O’Sullivan et al., 2014, see Chapter 5), including the three 
dimensional skull of Parapsicephalus (Newton, 1888).  
 
2.4.     Middle Jurassic pterosaur bearing units 
The oldest Middle Jurassic pterosaur bearing unit is the Upper Aalenian Saltwick 
Formation of Hayburn Wyke, Yorkshire (Whyte and Romano, 2014). It consists of 
units of sandstone, siltstone, shale and low-grade coal (Cox and Sumbler, 2002). 
The Saltwick Formation is well known for being a source of trackways including 
those of sauropods, stegosaurs and arthropods (Romano et al., 1999; Whyte and 
Romano, 2001; Romano and Whyte, 2003). All other Middle Jurassic pterosaur 
fossils were collected from the Middle Bathonian Great Oolite Group (165-166 ma) 
of Oxfordshire and Gloucestershire (Fig. 2.4; Boneham and Wyatt, 1993; Benton 
and Spencer, 1995; Gradstein et al., 2004).  The Great Oolite Group is a series of 
oolitic limestone formations interbedded with marly and sandy limestones, silty 
sandstones and thin mudstone layers (Arkell, 1933; Sellwood et al., 1985; Boneham 
and Wyatt, 1993). The dominant carbonaceous lithologies are compacted oolitic 
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limestones found (Fig. 2.5a), finer grained oolites (Fig. 2.5b) and the sandy 
limestones (Fig. 2.5c). These lithologies occur throughout the sequence (Arkell, 
1933; Sellwood, 1985).  Some of the oolitic limestones of the Great Oolite Group 
 
 
Fig 2.4. Simplified stratigraphic column of the Bathonian Great Oolite Group of Oxfordshire 
and Gloucestershire. Pterosaurs occur in the Lower-Middle Bathonian Chipping Norton, 
Fuller’s Earth, Charlbury and Taynton Limestone formations. An unconformity exists between 
the White Limestone and Forest Marble formations.  Modified from Boneham and Whyte (1993) 
and Cox and Sumbler (2002).  
 
split in a ‘slatey’ fashion and thus were commercially mined as a tiling stone between 
the 17th and early 20th (Fig. 2.6; Plot, 1677; Ashton, 1974; Martill, 2010). As much 
of the mining was carried out in the area of Stonesfield village Oxfordshire, (Fig. 2.7), 
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the rocks became informally known as the “Stonesfield Slate” and the mines have 
been declared the Stonesfield Slate Mines SSSI (Ashton, 1974).  
 
 
Fig. 2.5. Examples of the common lithologies of the Middle Bathonian Great Oolite Group. (a) 
Oolitic limestones, (b) fine grained oolites and (c) sandy limestones. Scale = 2 mm.  
 
The majority of specimens accessioned in the British pterosaur collections are 
recorded as from the “Stonesfield Slate” (see Appendix 2-5) but as discussed by 
Boneham and Wyatt (1993), confusion surrounds the source horizons for the 
tilestones. The material has alternately been identified as a sedimentary unit  
 
  
Fig. 2.6. Examples of the “Stonesfield Slate” mines in from the Stonesfield area, Oxfordshire. 
(a) From the website of the North London Amateur Geological Society 
http://www.amgeolsoc.webspace.virginmedia.com. (b) From Cox and Sumbler (2002).  
 
occurring at the top (Hull, 1860; Woodward, 1894; Richardson et al., 1946) or bottom  
 31 
 
 
Fig. 2.8. Stratigraphic column of the Great Oolite Group in the Middle Jurassic of south central 
England. The Stonesfield Member is highlighted in red. Other fissile limestones mined for 
tilestone are marked in blue. Modified from Boneham and Wyatt (1993).  
 
(Plot, 1677) of the Taynton Limestone Formation; a member within the Sharp’s Hill 
Formation (Sellwood and McKerrow, 1974; Baker, 1988); or as a unit at the top of 
the Sharp’s Hill Formation (Arkell, 1947; Torrens, 1980).  Boneham and Wyatt (1993) 
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attempted to identify the source formation of the “Stonesfield Slate” using cored 
boreholes drilled from the Stonesfield mines in 1991. They determined that the 
“Stonesfield Slate” material was collected from three layers in the top, centre and 
bottom of the Taynton Limestone Formation. The Stonesfield Member was identified 
as a sequence of interbedded sandstones, siltstones and oolites from the central 
Taynton Limestone Formation (Fig. 2.8). The Stonesfield Slate Member facies was 
found to be recurrent throughout the Great Oolite Group in the Stonesfield area and 
it was concluded that the informal name had been applied to material from other 
members or formations. There is thus some doubt as to whether all the material 
within the British pterosaur collection accessioned under the “Stonesfield Slate” is 
from the Stonesfield Member, another unit within the Taynton Limestone Formation 
or another Formation within the Great Oolite Group. Middle Bathonian specimens 
are treated here as being from being from the Taynton Limestone Formation unless 
explicitly referred to another lithological unit.  
 
The Great Oolite Group is a highly fossiliferous geological sequence dominated in 
the English midlands by limestones of various facies (Arkell, 1933; Sylvester-
Bradley and Ford, 1968; Sellwood and McKerrow, 1974; Metcalf et al., 1992; Benton 
and Spencer, 1995). Its vertebrate assemblage contains some of the most 
significant 19th century Jurassic discoveries including the first dinosaur given a 
binomial name; hybodontid and chimaerid chondrichthyans (Phillips, 1871); 
coelacanth and pycnodont osteichthyians (Phillips, 1871); Megalosaurus Buckland, 
1824; several indeterminate dinosaurs (Weishampel et al., 2004); the 
thallattosuchians Steneosaurus and Teleosaurus Geoffroy, 1825; the chelonian 
Protochelys Lydekker, 1889; ichthyosaurs and plesiosaurs (Phillips, 1871); and the 
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therapsid Stereognathus Charlesworth, 1854. More significantly, the Great Oolite 
Group is the most productive pterosaur-bearing unit in the UK with more than 400 
fossils accessioned in at least 20 institutions worldwide (see Chapter 5 and 
Appendix 1).  
 
 
Fig. 2.8. Map of Oxfordshire highlighting the Stonesfield area. Modified from 
http://www.wikiwand.com/en/Stonesfield. 
 
2.5.     The Oxford Clay Formation 
The Oxford Clay Formation (Fig. 2.9) outcrops in several areas across the south-
west of England (Hodson et al., 1956; Martill and Hudson, 1991). It is divided into a 
lower Peterborough Member dominated by organic-rich shales, a middle Stewartby 
Member and an upper Weymouth Member (Cox et al., 1992), the latter used for  
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Fig. 2.9. Simplified stratigraphic column of the Oxford Clay Formation. Modified from Martill 
and Hudson (1991).  
 
extruded brick production. Pterosaurs have been recovered from outcrops of the 
Peterborough Member in Peterborough and the Stewartby Member of St Ives, both 
of Cambridgeshire (Phillips, 1871; Lydekker, 1880). The Oxford Clay is a series of 
organic-rich mudstones, transitioning upwards into somewhat silty calcareous 
limestones (Martill and Hudson, 1991; Wright and Cox, 2001). Above this are grey 
calcareous mudstones with thin carbonaceous beds and uncommon thin siltstone 
beds (Cope, 2006). The Peterborough Member of the Oxford Clay is exceptionally 
fossiliferous and has produced excellently preserved vertebrates including 
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numerous osteichthyian and selachian fishes (Martill and Hudson, 1991; Martill et 
al., 1994) such as the famous giant pachychormid Leedsichthyes Woodward, 1889; 
the ichthyosaur Ophthalmosaurus Seeley, 1874; plesiosaurs such as Liopleurodon 
Sauvage, 1873 and Cryptoclidus Seeley, 1892; thallattosuchians such as 
Steneosaurus and Metriorhynchus von Meyer, 1830; and several allocthonus 
saurischian and ornithischian dinosaurs (Martill and Hudson, 1991). Pterosaurs are 
uncommon in the Peterborough Member making up approximately 1% of the 
vertebrate biota (Martill, 1988; see Chapter 7).  
 
2.6.     The Kimmeridge Clay Formation 
The Kimmeridge Clay Formation (Fig. 2.10) is a Kimmeridgian-Tithonian unit which 
outcrops primarily across southern England, with smaller outcrops found in Scotland 
(Wright and Cox, 2001; Steel and O’Sullivan, 2014). It is considered the most heavily 
researched formation in Britain due to its potential as an oil reservoir rock (Gallois, 
2004). The lower units are a repeating series of shelly clays, interbedded with oil 
and bituminous shales. These transition vertically into coccolithic limestones and 
clays with a reduced shale component (Wright and Cox, 2001; Cope, 2006). The 
Kimmeridge Clay Formation’s importance as a source of vertebrate fossils is difficult 
to over-estimate, with exceptional examples of numerous vertebrate taxa. This 
includes numerous complete osteichthyians and selachians (Etches and Clarke, 
2010); the chelonian Pelobatochelys Seeley, 1875; the plesiosaurs Kimmerosaurus 
Brown, 1981, Colymbosaurus Seeley, 1874 and Liopleurodon; the thallattosuchian 
Dakosaurus von Quenstedt, 1856; the ichthyosaur Ophthalmosaurus; as well as 
several isolated dinosaur remains (Etches and Clarke, 2010). More recently a new 
tyrannosauroid, Juratyrant Benson, 2008, was recovered from the upper levels of 
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the Kimmeridge Clay Formation of Dorset. Pterosaurs make up a small but 
significant number of specimens reported upon since 2010 (Martill and Etches, 2013; 
see Chapter 8).  
 
2.7.     Conclusion 
Pterosaurs are present in numerous stratigraphic units throughout the Jurassic (Fig. 
2.1), but with the exception of the Taynton Limestone Formation, make up a 
relatively small percentage of the vertebrate assemblage in each formation. This is  
likely attributable to the generally low preservation potential pterosaurs within fossil 
bearing units and the depth of deposition for British Jurassic strata. While the 
Taynton Limestone Formation is a relatively near shore deposit, other units 
represent deeper marine environments (Wright and Cox, 2001; Cox and Sumbler, 
2002; Simms et al., 2004). While the Taynton Limestone Formation is a relatively 
near shore deposit, other units represent deeper marine environments (Wright and 
Cox, 2001; Cox and Sumbler, 2002; Simms et al., 2004). Despite the likelihood that 
at least some British pterosaurs were partially pelagic, the densest populations 
appear to be in near-shore environments (Wellnhofer, 1991; Bennett, 2001a). This 
creates a taphonomic anomaly with a bias towards the preservation of delicate 
remains in a high energy environment. This counterintuitive situation may reflect 
different population densities between near- and far-shore environments 
(Garðarsson, 2009; Camphuysen, 2011; Harris and Wanless, 2011; see Chapter 6). 
In deeper seas such as those represented by the Oxford Clay and Kimmeridge Clay  
formations, the population density is reduced. Combined with their lower 
preservation potential (see Chapter 6), pterosaurs are far less likely to enter the 
fossil record in these units in comparison to either autochthonous or more robust  
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allochthonous terrestrial remains. Regardless of these issues, the pterosaur-bearing 
 
 
Fig. 2.10. Simplified stratigraphic column of the Upper Kimmeridge Clay Formation, 
Kimmeridge, Dorset. From O’Sullivan et al. (2015) [see Chapter 7].  
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units of the British Jurassic have yielded in excess of 400 specimens from ~6 
stratigraphic units from the Hettangian to the Tithonian. While the overall quality of 
preservation is less than that of some contemporaneous pterosaur sites (Bennett, 
1996; Lü et al., 2010; Lü et al., 2012) this is one of most numerically productive 
Jurassic pterosaur assemblages in the world and provides a rare opportunity for the 
study of pterosaur diversity throughout the Jurassic.  
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Chapter 3: Materials and method  
 
3.1      Materials 
The British Jurassic pterosaur assemblage consists of approximately 345 
specimens accessioned in ~20 institutions worldwide (see Appendix 1-5). The 
largest collections are in the Oxford University Museum, the Natural History 
Museum, London and the British Geological Survey. Other collections in Britain such 
as the Manchester University Museum or the Ipswich Museum hold smaller 
collections. International collections in the Te Papa Museum, New Zealand, the Irish 
Natural History Museum, Dublin, the Academy of Natural Sciences, Philadelphia, 
the Smithsonian Natural History Museum, Washington and the Texas Memorial 
Museum, Texas all hold either isolated specimens, casts or less than 10 specimens. 
The reason these relatively unremarkable fossils were send overseas is currently 
unknown. 62% of all specimens is forelimb material, 16% is hindlimb material, 14% 
axial fossils and only 8% cranial material. The British Jurassic pterosaur 
assemblage is also strongly biased in favour of Middle Jurassic material, making up 
75% of all fossils known. Lower Jurassic material is the rarest, making up as little as 
1% of the assemblage. 
 
3.2      Methodology and modern taxonomic practices in vertebrate 
palaeontology  
Due to limited funds available, this research project focused upon describing 
material held in British institutions. Several trips were carried out, funded by both 
the Palaeontographical Society and the Palaeontological Association. These 
focused on visiting as many museums as possible, photographing all specimens 
 40 
 
and creating detailed descriptions of each. Upon returning, large databases were 
created listing all aspects of the fossils including their physical dimensions, 
provenance, publication history, taxonomic identifications and taphonomy. In cases 
of specimens with potentially taxonomic signals, the examination and description 
was more detailed.  
 
This study was ultimately focused on using baseline descriptive and taxonomic 
techniques to analyse the diversity of the British Jurassic pterosaur assemblage. 
Cladistic techniques were not employed for several reasons. In particular, numerous 
competing phylogenies have been produced in the last 20 years and in many cases 
Jurassic taxa fall in wildly differing positions. It was felt another cladogram would at 
best provide yet another competing hypothesis and continue to over-saturate the 
datapool. Furthermore, Jurassic taxa suffer from a lack of detailed descriptions (in 
part due to many not being reviewed or revised since their original inception). By 
providing such descriptions, this study can allow for others to potentially perform 
more informed cladistical analyses and produce better resolved phylogenies. 
 
This study is heavily focused upon the identification and description of several 
pterosaur species. An issue therefore arises as it must first be established how to 
approach the definition of species as several concepts exist in palaeontology and 
biology. When identifying an extant species, neontologists usually use the 
biospecies concept where species are identified by the existence of a gamodeme 
or interbreeding population; and the discontinuity of its morphology, ecology, 
geography and physiology (Sylvester-Bradley, 1956; Thomas, 1956). Unfortunately, 
these characteristics can often only be inferred when dealing with fossils and 
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palaeontologists must rely on somewhat more subjective concepts, primarily 
chronospecies and morphospecies. A chronospecies (sometimes known as a 
stratospecies) is defined by the occurrence of a taxon in a different geological 
horizon to other examples i.e. being temporally isolated (Sylvester-Bradley, 1956) 
while a morphospecies is “established solely on morphological evidence” (George, 
1956). The chronospecies is a valuable concept in biostratigraphy (Dzik, 1987; Wei, 
1987; Stanley and Wetmore, 1988) but is less applicable to vertebrate 
palaeontology. Chronospecies, sometimes referred to as successional species 
(George, 1956), are morphotypes within a semi-continuous evolutionary sequence 
defined on the subjective interpretation of their temporal extent. It is an essential 
tool in the establishment of biostratigraphic units (Dzik, 1994) but the lack of 
objective physical characteristics makes it considerably less useful in pure 
palaeontological taxonomy for establishing species. Morphospecies on the other 
hand requires the existence of a distinct physical characteristic that can be 
objectively interpreted and independently observed by multiple researchers. Thus 
the morphospecies concept is considered to be the most reliable in vertebrate fossil 
identification and is the most widely adopted. As with any methodology, this is not 
without its pitfalls. Defining species on morphological criteria alone sometimes leads 
palaeontologists to ignore the possibility that morphological variance may not be a 
taxonomic signal but one of ontogeny, sex or individuality. Ceratopsian dinosaur 
taxonomy for example is infamous in this regard due to the large degree of variation 
seen in both horn and frill morphology. More than 20 species of Triceratops Marsh, 
1889 have been erected based on minor differences in horn and frill morphology 
(Forster 1996). Forster recognised that these differences were not taxonomic and 
synonymised all into just two species, Triceratops horridus Marsh, 1889 and 
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Triceratops prorsus Marsh, 1890. Pterosaur taxonomy has suffered a similar 
problem, with many species defined on their size (e.g. Pterodactylus duncani Owen, 
1874), degree of osteological fusion (Rhamphorhynchus intermedius Koh, 1937; 
Wellnhofer, 1975) or possible ontogenetic variation (Dawndraco kanzai Kellner, 
2010). Ultimately while there is consensus on the broad morphological approach for 
species and genus definition in pterosaurs, the methodological approach of the 
individual taxonomist or anatomist can vary wildly. Within this thesis species are 
considered valid only if they possess characters which can be tested independently 
of individual variance. Characters such as element fusion are treated here as purely 
ontogenetic.  
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Chapter 4: Lower Jurassic pterosaurs in the United Kingdom 
 
4.1.     Pterosaurs of the Lower Jurassic: an introduction  
The Lower Jurassic marine strata of the United Kingdom yield a varied assemblage 
of reptilian taxa (Owen, 1881; see Chapter 2), including ichthyosaurs, plesiosaurs, 
marine crocodiles and rarely, pterosaurs. While fossils have been collected from 
numerous sites in Devon, Somerset, Gloucestershire, Warwickshire, Leicestershire, 
Lincolnshire and Yorkshire (Benton and Spencer, 1995) the most famous 
specimens were recovered from the Liassic of Dorset and Yorkshire. The 
Hettangian-Sinemurian Blue Lias Formation of Lyme Regis (see Chapter 2), Dorset 
has produced some of the most famous Lower Jurassic fossils and was worked 
upon by eminent fossil collector Mary Anning (Emling, 2011). Fully articulated 
ichthyosaurs have been found, some with soft tissue preservation, stomach 
contents and embryos (Pollard, 1968; Martill, 1995). Plesiosaurs collected from 
Lyme Regis include some of the earliest examples (Benton and Spencer, 1995) and 
provide information on their palaeoecology, ontogeny and evolution (Cruickshank, 
1994; Andrews et al., 2010). Some dinosaurs have also been incorporated into the 
assemblage, most famously the basal thyreophoran Scelidosaurus Owen, 1861 
(Owen, 1861, Martill et al., 2000). The Toarcian Whitby Mudstone Formation of 
Loftus and Whitby, Yorkshire has a somewhat similar fauna to Lyme Regis (Benson 
et al., 2011; see Chapter 2) with the addition of thallattosuchians (Westphal, 1962) 
and indeterminate theropods (Weishampel et al., 2004). Both formations include 
pterosaur remains which, despite the small number of specimens, are historically 
important taxa within pterosaur research. The NHMUK houses several examples of 
the basal pterosaur Dimorphodon from Lyme Regis. These range from isolated limb 
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bones of dubious identity to near complete, articulated skeletons (Padian, 1983; 
Steel, 2012). The collection of the BGS of Keyworth, Nottinghamshire, contains 
several specimens assigned to D. macronyx as well as the holotype of 
Parapsicephalus purdoni. While D. macronyx is accepted as an uncontested taxon 
and as such is not discussed in this study, P. purdoni has received some 
consideration in recent years with regards to its possible synonymy with 
Dorygnathus from the Toarcian of Germany (Carpenter et al., 2003; Unwin, 2003).    
 
4.2.     Parapsicephalus purdoni, the “Whitby pterosaur” 
A three dimensional, near complete skull (GSM 3166; Fig. 4.1) is the holotype of the 
genus Parapsicephalus. It was first described by Newton (1888), after receiving the 
fossil on loan from the Reverend Purdon of Wolverhampton. The skull was found in 
a block of Alum Shale collected from Loftus Quarry near Whitby, Yorkshire (Gride 
Reference:  NZ 73608 19816). The skull was prepared by Newton (1888) and in the 
process the parietals were accidently lost, revealing a well preserved three 
dimensional brain endocast beneath. The specimen was identified as a pterosaur 
and first considered to be an example of the Upper Jurassic Solnhofen Limestone 
Formation pterosaur Scaphognathus, based on a similarity in general morphology 
and structure of the cranial fenestrae. Noting differences in the dorsal curvature of 
the skull and the prominent “channel” visible in dorsal view, Newton (1888) argued 
that the German and British Scaphognathus’ were not conspecific. In honour of its 
discoverer, he named the new pterosaur Scaphognathus purdoni Newton, 1888. 
Newton (1888) further described the endocast, finding that it possessed several 
bird-like characteristics such as the enlarged cerebellum and suggested there may 
descendant relationship however, Newton (1888) considered it more likely that birds  
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Fig. 4.1. GSM 3166, the specimen of Parapsicephalus purdoni from the Whitby Mudstone 
Formation of Loftus, Yorkshire. Presented in left lateral, dorsal, ventral, posterior and right 
lateral views. Abbreviations – aof, antorbital fenestra; bs, basisphenoid; ch, choana; cqo, 
cranial quadrate opening; ec, ectopterygoid; f, frontal; ipv, interpterygoid vacuity; j, jugal; l, 
lacrimal; ltf, lower temporal fenestra; m, maxilla; n, nasal; na, nares; o, orbit; p, parietal; pal, 
palatine; pm, premaxilla; po, postorbital; pp, paraoccipital process; ps, parasphenoid; potf, 
posterior temporal fenestra; ptf, pterygoectopterygoid fenestra; so, supraorbital; sq, 
squamosal; stf, suborbital fenestra; suf, superior temporal fenestra; q, quadrate; qj, 
quadratojugal. Scale = 10 mm. 
 
and pterosaurs were sister taxa.  
 
The skull received little attention following its initial description. Lydekker (1891) 
mentioned it in a comparison of Upper Jurassic quadrates he had identified as 
pterosaurian (see Chapter 7) and argued that Newton (1888) had been mistaken in 
his description of the quadrate. Plieninger (1894) compared Scaphognathus purdoni 
with Campylognathus (Campylognathoides) and suggested that it was less similar 
to S. crassirostris than Newton (1888) had suggested. The skull of Ornithodesmus 
(= Istiodactylus) was compared with GSM 3166 and it was suggested the skull 
configuration may represent a basal phase of pterosaur development (Hooley, 
1913). Arthaber (1919) re-examined GSM 3166 and identified it as a distinct genus 
based on its arched dorsal skull margin, elongate nares, large antorbital fenestra 
(AOF), relatively larger orbit, long prefrontals, 7 maxillary teeth and a deep sub-
orbital jugal. The new genus Parapsicephalus was erected and it was suggested 
that, based on the arched skull and deep jugal, it was more closely related to 
Dimorphodon than Scaphognathus. In a description of the pterosaur brain, Edinger 
(1941) made several comparisons to Parapsicephalus although they referred to it 
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as Scaphognathus. Kuhn (1967) provided a new reconstruction of the skull of 
Parapsicephalus purdoni (Fig. 4.2), later updated by Wellnhofer (1978), alongside 
a discussion of pterosaur neuroanatomy (Witmer et al., 2003). Most later authors 
considered Parapsicephalus to be some form of rhamphorhynchid (Wellnhofer, 
1978; Carrol, 1988; Unwin, 2003; Gasparini et al., 2004) but more recent studies 
(Andres and Myers, 2013; Andres, 2014) have supported Arthaber’s (1919) 
identification of Parapsicephalus as the sister taxon of Dimorphodon.  
 
 
Fig. 4.2. (A) Kuhn’s (1967) reconstruction of the skull of Parapsicephalus GSM 3166. Note the 
unusual biradiate jugal and hyper-enlarged quadratojugal. (B) Wellnhofer’s (1978) updated 
version of the same arrangement with slightly updated sutures. 
 
Carpenter et al. (2003) noted that Unwin had informally suggested Parapsicephalus  
may have been synonymous with the German Posidonia Shale pterosaur 
Dorygnathus but it was Unwin (2003) who first formally referred it to Dorygnathus  
 48 
 
purdoni Unwin, 2004. This reassignment was part of a much broader phylogenetic 
study and a detailed synonymy was not provided. Several authors accepted the new 
designation (Hone and Benton, 2007; Barrett et. al., 2008) while others continued 
to refer to GSM 3166 as Parapsicephalus (Gasparini et al., 2004; Osi et al., 2010; 
Andres, 2014; Bennett, 2014).  
 
A second skull of Parapsicephalus has recently come to light (Fig. 4.3). This skull 
was recovered from the Toarcian Epsilon Shales of Altdorf, Bavaria. It was originally 
collected in 1994 but has never been accessioned to a registered collection or 
published upon (Pursglove, 2010). It has recently come into the ownership of an 
anonymous private collector and as such, it cannot be discussed in detail in a 
taxonomic context. It is figured in this thesis as it preserves some elements of the 
skull not present in GSM 3166 and has been used to assist in the development of a 
more accurate reconstruction of the skull (Fig. 4.4). The following analysis provides 
a detailed redescription of GSM 3166 and tests the taxonomic validity of the genus 
Parapsicephalus. 
 
4.2.1. Materials, geology and palaeoenvironment 
Specimen GSM 3166 was recovered from the Toarcian (~180 ma) Alum Shale 
Member of the Whitby Mudstone Formation (Hildoceras bifrons zone) in the Loftus 
Alum Shale Quarry, Loftus, Yorkshire (Benton and Spencer, 1995; Simms et al., 
2004;). The Alum Shale Member is divided into the Hard Shale Beds, Main Alum 
Shale Beds and Cement Shale Beds (Benton and Spencer, 1995, see Chapter 2). 
The source horizon of GSM 3166 is uncertain. Newton (1888) deduced the skull 
came from the Alum Shale Formation but was unable to determine which bed. Due  
 49 
 
 
Fig. 4.3. The Altdorf Parapsicephalus skull from the Lias of Altdorf, Bavaria. The specimen is 
currently held in an anonymous private collection. Scale = 10 mm.  
 
to the recorded provenance of several reptile fossils, Benton and Spencer (1995) 
suggested that all reptile fossils from the Loftus quarry were collected from the Main 
Alum Shale Beds.  
 
Morris (1979) described the Alum Shale Member as a restricted shale facies, 
consisting of poorly laminated sediments with scattered calcareous concretions, 
sparse benthic fauna and discrete pyrite burrows (Núñez-Betelu and Baceta, 1994). 
It was most likely deposited in relatively shallow water with a somewhat anoxic sea 
floor (Simms et al., 2004).  
 
4.2.2. Systematic palaeontology 
Reptilia Laurenti, 1768 
Archosauria Cope, 1869 
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Pterosauria Kaup, 1834 
Rhamphorhynchidae Seeley, 1870 
Rhamphorhynchinae? Nopcsa, 1928 
Genus: Parapsicephalus Arthaber, 1919 
Type species: Parapsicephalus purdoni (Newton, 1888) 
Synonymy: 
Newton, 1888 Scaphognathus purdoni p 503-537 
Seeley, 1901 Scaphognathus purdoni p 152  
Hooley, 1912 Scaphognathus purdoni p 372 
Newton, 1919 Parapsicephalus purdoni p 403 
Eidinger, 1941 Scaphognathus purdoni p 71 
Kuhn, 1967 Parapsicephalus purdoni p 8-9 
Coombs, 1972 Parapsicephalus purdoni p 638 
Hopson, 1977 Scaphognathus purdoni p 433 
Wellnhofer, 1978 Parapsicephalus purdoni p 39 
Wellnhofer, 1991 Parapsicephalus purdoni p 78 
Benton and Spencer, 1995 Parapsicephalus purdoni p 118 
Lü et al., 1997 Scaphognathus purdoni p 1127 
Carpenter et al., 2003 Dorygnathus purdoni p 47 
Dalla Vecchia et al., 2003 Parapsicephalus purdoni p 198 
Unwin, 2003 Dorygnathus purdoni p 177 
Witmer et al., 2003 Parapsicephalus purdoni p 951 
Jouve, 2004 Parapsicephalus purdoni p 545 
Gasparini et al., 2004 Parapsicephalus purdoni p 925 
Unwin, 2005 Dorygnathus purdoni p 272 
Barrett et al., 2008 Dorygnathus purdoni p 65 
Andres et al., 2010 Parapsicephalus purdoni p 171 
Buffetaut et al., 2010 Parapsicephalus purdoni p 3 
Osi et al., 2011 Parapsicephalus purdoni p 244 
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Steel, 2012 Parapsicephalus purdoni p 1346 
O’Sullivan et al. 2013 Parapsicephalus purdoni p 973-981 
Witton, 2013 Dorygnathus purdoni p 125 
Bennett, 2014 Parapsicephalus purdoni p 345 
Type specimen:  GSM 3166, a damaged but three dimensional pterosaur skull 
Horizon and age: Main Alum Shale Beds, Alum Shale Member, Whitby Mudstone 
Formation. Toarcian (176-180 ma). 
Type locality: Loftus Alum Shale Quarry, Loftus, Yorkshire, United Kingdom.  
Revised diagnosis: Rhamphorhynchid pterosaur with the following combination of 
characters: a ventrally curved dorsal margin to the skull, giving the skull a gently 
convex appearance when viewed laterally; the jugal makes up at least 30% of the 
dorsoventral height of the skull; the processes of the jugal subtend an angle of ~45°; 
the interchoane vomers make up 32% of the length of the pterygoid; the vomers 
make up 60% of the length of the vomeral process of the pterygoid; the vomeral 
process of the pterygoid are 53% of the pterygoid length. 
 
GSM 3166 (figs. 4.1 and 4.4) is a 140 mm long, near complete three dimensional 
pterosaur skull infilled with pyrite. The skull is compressed on its right side, 
deflecting the rostrum towards the left in dorsal view and flaring the left posterior 
skull. While it appears that the most of the external bone wall is present, much of 
the surface bone is missing. The rostrum is broken anterior of the external nares. In 
lateral view the skull dips ventrally 11° relative to posterior skull. Based on a 
comparison with the skulls of Scaphognathus and Dorygnathus (Padian, 2008a; 
Bennett, 2014; Zhou, 2014), as well as the prenarial rostrum of the Altdorf skull, the 
length of the skull is estimated to be between 180-196 mm.  
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The premaxillae are visible in lateral view proximal to the nares but are incomplete 
due to the broken rostrum. The frontal processes of the premaxillae extend 
posteriorly towards the orbit, intersecting the anterior frontals and are at least 95 
mm long. A low ridge extends along the midline suture of the processes which may 
have supported a low crest (Dalla Vecchia et al., 2002). Kuhn (1967) figured the 
maxilla-premaxilla interface as a horizontal line extending beneath the anterior 
nares. There is a marked differentiation in the surface texture above and below this 
interface which may represent the maxillary-premaxillary suture. While it is possible 
this is a taphonomic feature, it is mirrored on both sides of the skull. The maxillae 
are heavily damaged on GSM 3166, with the most complete section being the right 
anterior maxilla and the right nasal maxillary process. The lacrimal process forms 
the anterior margin of the AOF. It has a broad ventral base (16 mm), a lunate outline 
and is inclined posteriorly at 45° relative to horizontal. Newton (1888) interpreted the 
premaxillae as dominating the anterior ventral palate and extending posteriorly to 
the anterior margin of the choanae. However, Osi et al. (2010) show that the 
premaxillae are restricted to the palate anterior to the nares and only contacts the 
choanae in pterodactyloids. Therefore, what Newton (1888) identified as the 
premaxillae are in fact the ventral extensions of the maxillae.  
 
Kuhn (1967) identifies a nasal and lacrimal on GSM 3166. Kuhn (1967) figures the 
nasal bone as an elongate rectangular bone set just beneath the premaxillary 
processes of the frontal, identifying them as the lacrimals. A third triangular bone, 
labelled AL, is positioned on the dorsoposterior margin of the AOF. However, these 
regions of the skull are extremely poorly preserved. An impression of the nasal is 
present on the left side of the skull, dorsal to the AOF. It defines a thin rectangle 
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with concave dorsal and ventral margins and is overlain by the premaxillary 
processes of the frontal. Impressions of the lacrimals are preserved on both sides 
with only small flakes of bone present. Based on a combination of the impressions 
and the shape of the AOF and the nasal, they are reconstructed here as 14 mm thin 
sub-scalene triangles. 
 
The frontals are divided into the posterior frontals and the premaxillary processes. 
The posterior frontals are dorsal to the medial orbits. They are sub-rectangular 
bones with short posterolateral postorbital processes. Anteriorly the frontals develop 
into large, diamond-shaped extensions which contact the nasals laterally and are 
divided by the posterior premaxillae and separated by the posterior processes of the 
premaxillae. The parietal was removed during preparation (Newton, 1888), 
exposing GSM 3166’s endocast. The enlarged flocculae and the cerebrum are 
identifiable but other elements are obscured by the surrounding bone and pyrite 
infilling. The supraorbital is missing from the left orbital margin, leaving an invasive 
concavity in its place. Most of the right supraorbital has broken away but the base 
of the bone remains. Both postorbitals are preserved and form the anterior half of 
the squamosopostorbital bar. They are thin tri-radiate bones with jugal, frontal and 
squamosal processes. The distal ends of the jugal and squamosal processes are 
approximately 15 mm apart. The squamosopostorbital bar is 18 mm 
anteroposteriorly and 7-8 mm dorsoventrally. It forms the division between the 
temporal fenestrae. Both squamosals are preserved but only the small portion that 
makes up the postorbital-squamosal bar is visible.  The squamosal is a tri-radiate 
bone sandwiched between the quadrates, the postorbitals and the parietals. They 
form the lateral posterior margin of the superior temporal fenestra. The posterior  
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Fig. 4.4. Reconstructions of the skull of Parapsicephalus in left lateral, dorsal and ventral 
views. Given the relatively poor preservation of the skull, most of the margins presented are 
speculative and in part based off of the arrangement seen in Dorygnathus (Padian, 2008a) 
and Rhamphorhynchus (Wellnhofer, 1975). Abbreviations – aof, antorbital fenestra bs, 
basisphenoid; ch, choana; cqo, cranial quadrate opening; ec, ectopterygoid; f, frontal; ipv, 
interpterygoid vacuity; j, jugal; l, lacrimal; ltf, lower temporal fenestra; m, maxilla; n, nasal; 
na, nares; o, orbit; p, parietal; pal, palatine; pm, premaxilla; po, postorbital; pp, paraoccipital 
process; ps, parasphenoid; ptf, pterygoectopterygoid fenestra; so, supraorbital; sq, 
squamosal; stf, suborbital fenestra; suf, superior temporal fenestra; q, quadrate; qj, 
quadratojugal. Scale = 10 mm. 
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squamosals are onlapped by the paraoccipital processes. Both quadrates are 
preserved although the right quadrate is missing approximately one third of its total 
length. The left quadrate is complete bar the ventral glenoid articulation. The 
quadrates are elongate, rectangular and laterally expanded in ventral view.  
 
Only the left jugal is preserved on GSM 3166. Newton (1888), Kuhn (1967) and 
Wellnhofer (1978) figure the jugal as a bi-radiate v-shaped bone, with a 
correspondingly hyper-enlarged quadratojugal. There is a clear textural difference 
across the margin interpreted here as a suture. Posterior to the line the bone is 
highly rugose and worn while anterior to this most of the surface bone is missing. 
What was previously interpreted as two separate bones is a single poorly preserved 
jugal.  The lacrimal process is identifiable although it is poorly preserved and the 
maxillary process is absent on GSM 3166 but is identifiable on the Altdorf skull. The 
jugal has the typical tetraradiate structure seen in most non-pterodactyloids. The 
estimated length of the lacrimal process is 20 mm (142% of the dorosoventral depth 
of the jugal body). The postorbital process is more robust than the lacrimal process 
(2.6 times as wide at its base) and is approximately 18 mm long (135% of the 
dorosoventral depth of the jugal body). The lacrimal and postorbital processes form 
a 45° arc around the ventral orbit. The quadratojugal process is a 3-4 mm long sub-
triangular process on the posteroventral jugal. The quadratojugal is a semilunate 
bone at the base of the inferior temporal fenestra, positioned between the jugal and 
the quadrate.  
 
The posterior skull morphology is complex and difficult to interpret due to the large 
degree of fracturing and erosion. The foramen magnum is represented by a 7 mm 
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oval infilling set between the paraoccipital processes. The paraoccipital processes 
are robust and spatulate extending between the occipital midline of the skull to the 
squamosal. The processes are 23 mm mediolaterally, 7 mm dorsoventrally proximal 
to the sagittal plane, 8 mm medially and 16 mm at the squamosal articulation. The 
basisphenoid is a broad plate with a rounded concavity, forming the ventral half of 
the posterior midline of the skull. The basipterygoids are anteroventrally projecting, 
rod like struts that articulate with the posterior pterygoids and form an angle of 68°. 
 
Several elements from a fragmentary palate are present in GSM 366. The palatine 
is only visible on the left side of the palate. The pterygoids are heavily fragmented 
with only a few sections preserved, however the impression of the bones are 
sufficient to provide a total length of 58 mm. The vomeral process of the pterygoid 
makes up 53 % (31 mm) of the total pterygoid length. Approximately half of the 
vomers are sandwiched between the maxillae, with the remaining posterior half 
articulated with the pterygoid.  The length of the free vomers between the pterygoid 
and the maxillae is 19 mm, 60% the length of the vomeral processes of the pterygoid, 
and 32% of the overall pterygoid length.  
 
The outline of the AOF is preserved on the right side of the skull. It is a broad oval 
with a more rounded posterior margin, 45 mm anteroposteriorly and 24 mm 
dorsoventrally. Arthaber (1919) figures the nares as an elongate oval, but Kuhn 
(1967) reconstructs them as sub-rectangular openings. While the posteroventral 
margin can be identified as convex and the anterior margin slightly pointed, the 
posterior is less apparent, although slight impressions suggests that the posterior 
nares is sub-rounded. The Altdorf skull has severely damaged external nares and  
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Fig. 4.5. Reconstructions of several pterosaur skulls. (a) Parapsicephalus. (b) Dimorphodon 
(modified from Padian et al., 1983). (c) Angustinaripterus (modified from He et al., 1983).  (d) 
Cacibupteryx (modified from Gasparini et al., 2004).  (e) Scaphognathus (modified from 
Wellnhofer, 1978 and Bennett, 2014). (f) Rhamphorhynchus (modified from Wellnhofer, 1975). 
(g) Eudimorphodon (modified from Wild, 1978). Dorygnathus (modified from Wild, 1978). 
Campylognathoides (modified from Wild, 1978). Abbreviations – aof, antorbital fenestra; bs, 
basisphenoid; ch, choana; cqo, cranial quadrate opening; ec, ectopterygoid; f, frontal; ipv, 
interpterygoid vacuity; j, jugal; l, lacrimal; ltf, lower temporal fenestra; m, maxilla; n, nasal; 
na, nares; o, orbit; p, parietal; pal, palatine; pm, premaxilla; po, postorbital; pp, paraoccipital 
process; ps, parasphenoid; ptf, pterygoectopterygoid fenestra; so, supraorbital; sq, 
squamosal; stf, suborbital fenestra; suf, superior temporal fenestra; q, quadrate; qj, 
quadratojugal. Scale = 10 mm. 
 
provides no new information on their structure. The orbit in GSM 3166 is 34 mm 
dorsoventrally and 32 mm anteroposteriorly at its widest point and is an inverted 
piriform. The superior temporal fenestrae are broad, slightly quadrangular ovals, 
although neither is complete in GSM3166. The inferior temporal fenestrae are 
dorsoventrally elongate openings with a broadly similar shape as the orbits. The 
post-temporal fenestrae are small oval openings directly above the paraoccipital 
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processes. The infratemporal fenestrae are large but squat openings ventral to the 
paraoccipital processes.  
 
4.2.3. Comparisons. 
While GSM 3166 is a three dimensional skull, the fragmentary and worn nature of 
several elements limits some of its comparative information (Fig. 4.5). The 
separation of the nares and AOF in GSM 3166 identifies it as a non-
monofenestratan pterosaur (Lü et al., 2010). The angle of the nasal process of the  
 maxilla is 35° relative to the horizontal axis. A similar angle is found in 
Rhamphorhynchus NHMUK PV 47002 (Wellnhofer, 1975) and Scaphognathus 
(Bennett, 2014). Higher angles are found in Austriadactylus Dalla Vecchia et al., 
2002 (Dalla Vecchia, 2009), Dimorphodon (Owen, 1859a) and Dorygnathus (Padian, 
2008a). Shallower angles occur in Cacibupteryx Gasparini et al., 2004 and 
Angustinaripterus He et al., 1984. The semi-lunate shape of the process is similar 
to Eudimorphodon (Wild, 1978) but some specimens of Dorygnathus show a 
somewhat similar morphology (Padian, 2008a).  
 
Taking Kuhn’s (1967) reconstruction to be accurate, the premaxilla undercutting the 
nares is similar to most basal pterosaurs including Eudimorphodon and 
Campylognathoides (Wild, 1978). Premaxillae in more derived pterosaurs such as 
Scaphognathus (Bennett, 2014) or Dorygnathus (Padian, 2008a) have reduced 
maxillary processes such that it only extends slightly beneath the anterior border of 
the nares. Cacibupteryx may have a larger extension but this is only suggested by 
an incomplete line in a drawing of the skull (Gasparini et al., 2004). 
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 In GSM 3166 the interorbital frontals are transversely constricted in dorsal view. 
Similarly, thin interorbital frontals are found in Rhamphorhynchus (Witmer et al., 
2003), Sericipterus Andres et al., 2010, Dorygnathus (Padian, 2008a) and 
Campylognathoides (Padian, 2008b). In contrast, the interorbital frontals of 
Cacibupteryx (Gasparini et al., 2004) are extremely broad, more like those of a 
theropod dinosaur (Langer, 2004). 
 
The angle formed by the lacrimal and postorbital processes of the jugal is 45°, giving 
the ventral orbit a more angled appearance.  In Dorygnathus the processes form an 
angle of 78-93°, giving it a much broader ventral orbit (Padian, 2008a). 
Angustinaripterus has a jugal with processes forming a similar angle of 46° (He et 
al., 1983). In Scaphognathus the lacrimal and postorbital processes an angle of 80-
100°, the largest angle being found in the juvenile SMNS 59395 (Cheng et al., 2014; 
Bennett, 2014).  
 
Campylognathoides has a broad ventral orbit with the jugal processes forming an 
angle of 77° (Padian 2008b). Similarly, Eudimorphodon has a large ventral orbit, the 
processes forming an 88° angle. Rhamphorhynchus is unusual in having a faux-
triradiate jugal with a ventral orbit defined by the postorbital process and the 
elongate main body of the jugal. The angle formed is 97-110° (Wellnhofer, 1975; 
Witmer et al., 2003). Dimorphodon has a similar ventral orbit shape to GSM 3166, 
with the processes forming an angle of 47° (Owen, 1849).  
 
GSM 3166 has a relatively thick jugal, making up 30% of the skull height. 
Dorygnathus has a slightly thinner jugal with the highest value being 26% (Padian, 
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2008a). The jugal of Rhamphorhynchus is thinner still, reaching a maximum of 18% 
in the most robust animals (Wellnhofer, 1975). Angustinaripterus has a jugal 23% 
of the skull (He et al., 1983), while Scaphognathus reaches 12-17% in the European 
specimens and 26% in the Chinese (Wellnhofer, 1975; Wellnhofer, 1978; Cheng et 
al., 2012; Bennett, 2014). Campylognathoides has one of the thinnest jugals, with 
the highest percentage being only 12% (Wild, 1978; Padian, 2008a). 
Eudimorphodon has a thicker jugal at 21% of the dorsoventral skull height (Wild, 
1978; Dalla Vecchia, 2009). Dimorphodon has a relatively thick jugal but a tall 
posterior skull (Padian, 1983), with estimates ranging between 19-23% of the skull 
height.  
 
In GSM 3166 the quadrate is angled posteriorly at between 115-130°, depending on 
what is considered a natural skull orientation. Dorygnathus and Campylognathoides 
share a similar condition, ranging between 120-130° (Padian, 2008a, 2008b). 
Rhamphorhynchus exhibits a more extreme inclination of 130-150° (Wellnhofer, 
1975; Wellnhofer, 1978; Witmer et al., 2003), closer to pterodactyloids (Wellnhofer, 
1991). Dimorphodon has a near vertical quadrate, only slightly angled posteriorly at 
95° (Owen, 1849; Padian, 1983). Eudimorphodon and Scaphognathus all have 
quadrates angled posteriorly at 120° (Dalla Vecchia, 2009; Cheng et al., 2012; 
Bennett, 2014). Angustinaripterus is similar to Rhamphorhynchus in that its 
quadrate is more steeply angled than most basal pterosaurs at 140° (He et al., 1983).  
 
Unlike the majority of pterosaurs, GSM 3166 has a convex dorsal margin to the skull. 
Comparisons with the Altdorf skull suggest that this may be exaggerated in GSM 
3166 with taphonomic compression of the anterior rostrum, but that the skull does 
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have a natural gentle convexity to its dorsal surface. Several pterosaurs have 
straight dorsal skull margins (Gasparini et al., 2004; Padian, 2008b; Bennett, 2014) 
whereas others develop variable levels of concavity, usually positioned more 
anteriorly (Wild, 1978; Wellnhofer, 1975; He et al., 1983; Padian, 2008a; Dalla 
Vecchia, 2009). Only Dimorphodon and Peteinosaurus Wild, 1978 shares a similar 
convexity (Wellnhofer, 1991).  
 
The teeth of GSM 3166 are preserved on what is referred to here as the 
interfenestrae maxilla i.e. the portion of maxilla between the anterior border of the 
AOF and the anterior border of the nares. They are broken proximal to the ventral 
skull margin and as such are exposed only as alveoli. GSM 3166 has 3 relatively 
closely spaced tooth pairs within the interfenestrae maxilla. Most Rhamphorhynchus 
specimens have 3 interfenestral maxillary teeth but there are three examples figured 
in Wellnhofer (1975) possessing two interfenestral teeth (Abt 25, 25 and 27). 
Dorygnathus has at least three interfenestral teeth with a hint of a possible fourth in 
some specimens (Padian, 2008a). Angustinaripterus has at least two interfenestral 
teeth and a third which straddles the anterior narial border (He et al., 1983). 
Scaphognathus and Cacibupteryx have broad, widely spaced teeth with space for 
two interfenestral maxillary teeth (Gasparini et al., 2004; Cheng et al., 2012; Bennett 
et al., 2014). Campylognathoides and all other non-rhamphorhynchid basal 
pterosaurs have between five and thirteen interfenestral maxillary teeth (Wild, 1978; 
Padian, 1983; Padian, 2008b; Dalla Vecchia, 2009).  
 
The interchoanal vomers in GSM 3166 are 32% the total length of the pterygoid 
(main pterygoid body + vomeral process). In Cacibupteryx and Scaphognathus, the 
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vomers make up 44-46% of the pterygoid length (Wellnhofer 1978; Osi et al., 2010; 
Bennett, 2014) while in Rhamphorhynchus and Dorygnathus they comprise 55-57% 
(Witmer et al., 2003; Osi et al., 2010). Campylognathoides has the longest 
interchoanal vomers at 60% the total pterygoid length (Wellnhofer, 1978; Padian 
2008b). The interchoanal vomers of GSM 3166 also make up 60% of the vomeral 
processes of the pterygoids.  Campylognathoides has elongate vomers which are 
144% of the vomeral processes (Wellnhofer, 1978). In Cacibupteryx, the vomers 
are ~142% the length of the vomeral processes (Osi et al., 2010). Scaphognathus 
has relatively short vomers at 72% the vomeral process length (Wellnhofer, 1978; 
Bennett, 2014) while Rhamphorhynchus exhibits an extreme condition with the 
vomers being up to 175% the length of the vomeral processes (Witmer et al., 2003). 
The vomeral processes themselves in GSM 3166 are 53% of the total pterygoid 
length. Dorygnathus is most similar, with the processes being 40% of the pterygoid 
length (Osi et al., 2010) while in Cacibupteryx, they only reach 25% (Gasparini et 
al., 2004; Osi et al., 2010). The highly derived Rhamphorhynchus has reduced to 
the vomeral processes to 15% (Wellnhofer, 1975; Witmer et al., 2003). 
Scaphognathus has elongate vomeral processes which reach 62% of the pterygoid 
(Wellnhofer 1978, Bennett, 2014), but Campylognathoides is similar to GSM 3166 
with vomers ~46% of the pterygoid length (Wellnhofer 1975). The basipterygoids of 
GSM 3166 form an angle of 68°. In Dorygnathus the angle is 55° (Padian 2008a) 
and 20° in Rhamphorhynchus (Wellnhofer 1975, Witmer et al., 2003). The 
basipterygoids in Bellubrunnus Hone et al., 2012 create an angle of 38° (Hone et al. 
2012) and in Scaphognathus 56° (Wellnhofer 1978). 
 
The orbit in GSM 3166 is a broad inverted piriform shape. In Caviramus Fröbisch  
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and Fröbisch, 2006 the orbit is a sub-circular/sub-oval fenestra with a weakly 
expanded anteroventral margin (Stecher, 2008). The orbit in Scaphognathus 
(Bennett, 2014) is a sub-circle with somewhat angular margins in flapplings 
(precocial infants), becoming less broad ventrally with age. Angustinaripterus (He 
et al., 1983) has a sub-circular orbit, slightly expanded anteriorly and posterodorsally. 
The orbit in Rhamphorhynchus (Wellnhofer, 1975; Witmer et al., 2003; Witton, 2013) 
is disproportionately large compared to the skull. In Dimorphodon (Padian, 1983) 
and Peteinosaurus (Wild, 1978), the orbit is piriform but set higher up the skull than 
in GSM 3166 and is thinner ventrally. Cacibupteryx‘s (Gasparini et al., 2004) orbit is 
similar to GSM 3166, although the ventral constriction is angled more 
ventroposteriorly. In Dorygnathus (Padian, 2008a) the orbit has a broad almost 
triangular ventral margin, with a more rounded dorsal surface. Campylognathoides 
(Padian, 2008b) has an orbit which is more rounded than in Dorygnathus. 
 
GSM 3166 has an oval superior temporal fenestra in dorsal view. In 
Rhamphorhynchus these fenestrae are more rectangular, bordering on trapezoidal 
(Wellnhofer, 1975; Witmer et al., 2003). Cacibupteryx (Gasparini et al., 2008) has a 
more elongated oval superior temporal fenestra. In GSM 3166 the inferior temporal 
fenestra is an elongate inverted egg-shape. A similar shape is seen in 
Scaphognathus (Cheng et al., 2012). Dorygnathus and Angustinaripterus have 
more oval fenestrae although they are equally elongate (He et al., 1983; Padian, 
2008b). The fenestra in Rhamphorhynchus is much thinner than most basal 
pterosaurs and more steeply angled posteriorly (Witmer et al., 2003). In 
Eudimorphodon the inferior temporal fenestra is an oval/sub-rectangle with a slight 
dorsoposterior extension (Dalla Vecchia 2009). 
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The pterosaurian nature of GSM 3166 is not in question due to its thin bone wall, 
visible at the rostral break; sub-terminal nasal opening (Lü et al., 2010); and 
elongate premaxillary frontal process (Sereno, 1991). Historically, Parapsicephalus 
has been considered a scaphognathine (Newton, 1888), a rhamphorhynchine 
(Unwin, 2003) and a dimorphodontid (Arthaber, 1919; Andres et al., 2014). The most 
poorly supported of these relationships is P. purdoni as a dimorphodontid. The 
relationship is largely based on the convexity of the dorsal skull margin, the inverted 
piriform orbit, the angle of the quadrate and the dorsoventrally thick jugal (Andres 
and Myers, 2014).  However, GSM 3166 in combination with new information from 
the Altdorf skull undermines this relationship. While convex, the dorsal skull does 
not curve to the extreme degree seen in either Dimorphodon or Peteinosaurus, and 
while the orbit is piriform, the jugal of Dimorphodon is thinner dorsoventrally than 
either P. purdoni or the majority of non-pterodactyloid pterosaurs relative to skull 
height. Furthermore, rather than being angled near vertically like that of 
Dimorphodon, the quadrate of P. purdoni is closer to the majority of non-
monofenestratans such as Eudimorphodon, Dorygnathus and Scaphognathus. P. 
purdoni can further be distinguished from dimorphodontids by having an AOF with 
a ventral border strongly deflected below that of the nares and having a marked 
difference in the relative dorsoventral size of the fenestrae, having less than 5 
interfenestral maxillary teeth, a skull with a length/width ratio of ~4/1 compared to 
Dimorphodon’s 2.8/1 (Owen, 1859a), and the elongate slightly up-curved rostrum 
with laterally splayed alveoli. These differences support Newton’s (1888) and 
Unwin’s (2003) allying of Parapsicephalus to with Rhamphorhynchidae.  
 
Whether or not GSM 3166 is a scaphognathine or a rhamphorhynchine is somewhat  
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uncertain. The content of both groups is currently quite fluid with several taxa 
moving between both in varying phylogenies (Unwin, 2003; Kellner, 2003; Wang et 
al, 2009; Lü et al., 2010; Lü et al, 2012; Andres, 2014; see Chapter 7 for further 
discussion). Furthermore, as mentioned previously, Parapsicephalus has been 
considered a junior synonym for Dorygnathus (Unwin, 2003). Based on the 
thickness of the jugal, the more strongly piriform orbit, the shorter interchoanae 
vomers, the gentle convexity of the skull, the more strongly upturned rostrum and 
the more elongate vomeral processes of the pterygoid all indicate that the two taxa 
are not congeneric. Parapsicephalus can be distinguished from scaphognathines 
(sensu Lü et al., 2012) based on a combination of three closely interfenestral 
maxillary teeth, an AOF at least twice as long as it is wide (Unwin, 2003; Andres et 
al., 2010; Lü et al., 2012), a concave posterior AOF margin (Lü et al., 2012), the 
nasal process of the maxilla being more strongly posteriorly inclined and a quadrate 
probably inclined more than 120° (Lü et al., 2012). This character combination 
supports a rhamphorhynchine identification. In comparison to rhamphorhynchines 
excepting Dorygnathus, the jugal of Parapsicephalus is at least 7% thicker than 
Angustinaripterus and Rhamphorhynchus; the angle formed by the lacrimal and 
postorbital processes of the jugal being approximately half that other 
rhamphorhynchines except for Angustinaripterus; a convex dorsal margin of the 
skull; the interchoanae vomers make up 32% of the total length of the pterygoid, 
below that of Rhamphorhynchus; the vomers comprise 60% of the length of the 
vomeral process of the pterygoid, less than other rhamphorhynchines; the vomeral 
process of the pterygoid is 53% of the pterygoid length, longer than in 
Rhamphorhynchus. This combination of characters provides a new diagnosis for 
Parapsicephalus purdoni and supports it being maintained as a genus distinct from  
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Dorygnathus.   
 
While Parapsicephalus is placed within Rhamphorhynchinae, it is presented as 
Rhamphorhynchinae? due to two factors. Firstly, while GSM 3166 has several 
features distinguishing it from scaphognathines, the piriform inferior temporal 
fenestra and the large AOF are features more common in scaphognathines. 
Secondly the reclined lunate nasal process of the maxilla and the premaxilla 
undercutting the ventral nares are conditions found in non-rhamphorhynchid 
pterosaurs such as Campylognathoides and Eudimorphodon. While there appear to 
be more rhamphorhynchine characters shared with Parapsicephalus the presence 
of two more scaphognathine characters as well as two characters generally 
associated with more basal pterosaurs suggests that rather than belonging to either 
of the terminal clades, Parapsicephalus may be a more basal rhamphorhynchid. 
Therefore, placement within Rhamphorhynchinae should be considered tentative. It 
is hoped a formal description of the Altdorf skull will identify more characters which 
will provide more information on Parapsicephalus’ familial relationships. The Altdorf 
Parapsicephalus skull has biogeographic significance in that it suggests the genus 
was pan-European, indicating a broadly continuous European pterosaur fauna.  
 
4.3.     Appendicular elements from the British Lower Jurassic. 
Three pterosaur humeri from the Lower Jurassic of Britain are accessioned in the 
NHMUK, one from the Hettangian Blue Lias Formation of Lyme Regis, Dorset and 
two from the Toarcian Whitby Mudstone Formation of Saltwick Bay, Whitby, 
Yorkshire. The Dorset humerus, NHMUK PV OR 41348, was previously described 
by Owen (1874) while the other specimens (NHMUK PV R 36634 and NHMUK PV  
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R 36712) are novel specimens discovered while this project was in its early stages.  
 
 4.3.1. NHMUK PV R 36634: A rhamphorhynchine humerus and 
scapulocoracoid from the Whitby Mudstone Formation. 
In 2011 fossil collector Mr David Groocock discovered an associated pterosaur 
humerus and scapulocoracoid in a concretion collected the foreshore at Saltwick 
Bay, near Whitby, Yorkshire. This is east of Black Nab, a prominent sea stack of 
Toarcian black shales (National Grid reference NZ 92596 10461) (Fig. 4.6). The 
concretion originates from the upper Alum Shale Member of the Whitby Mudstone 
Formation (Lower Toarcian), which consists of ~28 m of alternating layers of shale 
with abundant calcareous concretions of variable thickness (Simms et al., 2004). 
 
 
Fig. 4.6. Map of the Saltwick Bay region of Whitby, North Yorkshire. Locality of NHMUK PV R 
36634 highlighted by the star. Modified from Digimap. 
 68 
 
The concretion horizons occur within the Cement Shale Beds, Hildoceras bifrons 
Zone, Peronoceras fibulatum subzone of the Alum Shale Member of the Whitby 
Mudstone Formation (Fig. 4.7). The specimen is accessioned in the NHMUK as 
NHMUK PV R 36634 and described in O’Sullivan et al. (2013).  
 
4.3.1.1. Methodology  
When originally discovered, the humeral head of NHMUK PV R 36634 broke away 
from the diaphysis. At the UOP, NHMUK PV R 36634 was repaired but it was 
considered too fragile to attempt reattaching the head to the diaphysis. It was 
instead glued to the opposite half of the concretion. Once transferred to the NHMUK 
 
 
Fig. 4.7. Simplified stratigraphic column of Saltwick Bay. NHMUK PV R 36634 was recovered 
from the highlighted Fibulatum subzone. 
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the humeral head was unglued and reattached to the scapulocoracoid half of the 
nodule. The wingspan presented in Section 4.4.4 was estimated using a regression 
equation derived from the relationship between humeral length and overall 
wingspan from numerous pterosaurs (n > 80). Data for the regression analysis was 
derived from several authors (Colbert,1969); Wellnhofer, 1975; Czerkas and Ji, 
2002); Padian, 2008a, b; Andres et al., 2010; and Lü et al., 2012).  
 
4.3.1.2. Description  
The humerus (Fig.4.8) of NHMUK PV R 36634 is 100 mm proximodistally with a 
diaphysis 7 mm wide at its median point. The humeral head has lost its DPC but the 
proximal margin is sufficiently preserved to identify it as being slightly distally 
deflected. The medial process of the humeral head is 7 mm long and positioned 
proximally, with a gentle proximal slant. Proximal to the humeral head, the diaphysis 
has a sub-rectangular cross-section, 8 mm anteroposteriorly and 7 mm 
dorsoventrally. The diaphysis is elongate with the distal third bowing anteriorly. The 
distal epiphysis is relatively broad and anteriorly curved, but the articulation is 
heavily worn. The scapulocoracoid (Fig. 4.9) is fully fused such that any suture line 
between the composite elements has been obliterated. The scapula is 67 mm long 
and angled at 70° relative to the coracoid. It curves medially 15° posteriorly towards 
the proximal half of the diaphysis. This gives the scapulocoracoid a V shaped 
morphology similar to that noted by Andres et al. (2010). The coracoid is 59 mm 
long with a low sub-hemispherical biceps tubercle. The acrocoracoid process is sub-
oval, 6 mm long horizontally and 4 mm vertically. The sternocoracoid joint at the 
proximal end of the coracoid is sub-rounded and ~4-5 mm wide. The glenoid 
appears restricted to the scapula and is almost as broad as it is long (12 mm  
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anteroposteriorly and 14 mm proximodistally).  
 
4.3.1.3. Comparisons 
The humerus of NHMUK PV R 36634 is 116% the length of the humerus of MBR 
1920.16, and 149% as long as the humerus of SMNS 51100, the largest known 
Dorygnathus and Campylognathoides respectively (Padian, 2008a, b). It is 121% as 
long as the largest Rhamphorhynchus humerus, NHMUK PV R 37002  
 
 
Fig. 4.8. The humerus of NHMUK PV R36634 in ventral view. Abbreviations – cap, capitulum; 
ect, ectepicondyle; ent, entepicondyle. Scale = 10 mm. 
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(Wellnhofer, 1975), and of relatively equal length to the humerus of Sericipterus, 
IVPP V14725 (Andres et al., 2010). The slight distal deflection of the DPC (Fig. 4.10) 
is similar to Dorygnathus, Rhamphorhynchus and Nesodactylus (Colbert, 1969). 
Most other basal pterosaurs have DPCS of approximately equal height as the 
humeral caput. The medial process being proximal to the humeral caput is common 
in non-pterodactyloids (Wellnhofer, 1978; 1991; Lü et al., 2010) while in Jurassic 
pterodactyloids it tends to be somewhat distally deflected (Witton, 2013). 
 
 
Fig. 4.9. The humeral head in anterodorsal view and the scapulocoracoid in medial view of 
NHMUK R36634. Abbreviations – ac, acrocoracoid process; bt, biceps tubercle; dp, 
deltopectoral crest; g, glenoid; mp, medial process. Scale = 10 mm. 
 
One exception is Cycnorhamphus where the medial process is more proximally  
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oriented (Wellnhofer, 1991). The restriction of the glenoid to the scapula is limited 
to non-pterodactyloid pterosaurs (Wellnhofer 1975; Wang and Zhou, 2003; Padian, 
2008a,b; Wang et al., 2009; Lü et al., 2010) with the glenoids of pterodactyloids 
more evenly shared between these two elements (Wellnhofer, 1978). The humeral 
length vs. diaphysis width ratio of the humerus in NHMUK PV R 36634 is 14, well 
above the average for non-pterodactyloids (Table 4.2). Similar ratios are found in 
small to medium sized rhamphorhynchines and the Late Triassic pterosaur 
Caviramus however while the humerus of Caviramus has a hypertrophied diaphysis 
(Stecher 2008), it is straighter than NHMUK PV R36634 and with a higher 
length/width ratio. The elongate diaphysis and the slightly deflected DPC suggest 
that NHMUK PV R36634 is a rhamphorhynchine pterosaur. The scapulocoracoid 
supports a rhamphorhynchine identification as it has a similar v-shaped appearance 
as several rhamphorhynchines (Padian, 2008a; Andres et al., 2010; see Chapter 7) 
while lacking the robust processes or thick coracoids found in basal pterosaurs such 
as Eudimorphodon, Dimorphodon and Campylognathoides (Wild, 1978; Padian, 
2008b; Witton, 2015). 
 
Although a lack of any skull material with NHMUK PV R36634 prevents direct 
comparison to the only other Whitby Mudstone rhamphorhynchid Parapsicephalus, 
skull and limb ratios found in Dorygnathus may provide a means of tentative 
association. The humerus in Dorygnathus is ~70% of the length of the squamosal- 
anterior naris. When this ratio is applied to NHMUK PV R 36634, the 100 mm long 
humerus is almost exactly 70% the length of the 140 mm squamosal-narial length 
in Parapsicephalus (Newton,1888). This may indicate NHMUK PV R 36634 can be 
cautiously identified as cf. Parapsicephalus but without more material, this is  
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Fig. 4.10. Pterosaur humeri compared. (a) Reconstruction of NHMUK PV R36634 (shaded).; (b) 
Rhamphorhynchus muensteri NHMUK 37002; (c) Rhamphorhynchus sp.; (d) Nesodactylus 
hesperius; (e) Dorygnathus banthensis SMNS 50702; (f) Dorygnathus banthensis; (g) 
Sericipterus wucaiwanensis; (h) Campylognathoides liasicus SMNS 50735; (i) 
Campylognathoides sp.; (j) Eudimorphodon sp.; (k) Dimorphodon macronyx; (l) Caviramus 
schesaplanensis; (m) Cycnorhamphus suevicus; (n) Pterodactylus antiquus; (o) 
Aurorazhdarcho micronyx. Not to scale. (c, d, f, i, j, k, m, and n) Modified from Wellnhofer 
(1978); (g) modified from Andres et al. (2010); (l) modified from Stecher (2008); (o) modified 
from Frey et al. (2011). 
 
somewhat speculative. 
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4.3.1.4. Wingspan.  
While in the Cretaceous pterosaurs with wingspans of >3 m are not uncommon 
(Bennett, 2001; Unwin, 2005; Lü, 2010; Witton et al., 2010; Witton, 2012), Triassic 
and Jurassic animals tend to be smaller. Triassic pterosaur wingspans range 
between 0.4 m in Preondactylus Wild, 1984 (Wellnhofer, 1991) to 1.3 m in 
Caviramus and Austriadactylus (Dalla Vecchia et al., 2002). Among early Jurassic  
pterosaurs, Dimorphodon has a wingspan of 1.4 m (Unwin, 2011) while 
Campylognathoides reached a maximum wingspan of 1.8 m (Padian, 2008b). In the 
Late Jurassic Rhamphorhynchus and Sericipterus achieved wingspans upwards of 
2 m (Wellnhofer, 1975; Andres et al., 2010) while the wingspan of Harpactognathus 
 
Taxon Ratio Author 
Caviramus (BNM 14524) 20 Stecher, 2008 
Eudimorphodon 
(Multiple specimens) 
6 to 12 Stecher, 2008 
Peteinosaurus (MCSNB 
3359) 
8 Stecher, 2008 
Dimorphodon (NHMUK 
PV R 41212) 
11 
Personal 
observation 
Anurognathus (N/A) 10 Bennett, 2007 
Campylognathoides 
(Multiple specimens) 
6 to 10 
Padian, 
2008b 
Rhamphorhynchus 
(Multiple specimens) 
6.5 to 12 
Wellnhofer, 
1975 
Dorygnathus (Multiple 
specimens) 
6 to 13 
Padian, 
2008a 
Nesodactylus (AMNH 
2000) 
16 Colbert, 1969 
Sericipterus (IVPP 
V14725) 
12 
Andres et al., 
2012 
? Parapsicephalus 
(NHMUK PV R 36634) 
14 N/A 
Fenghuangopterus 
(CYGB-0037) 
7 Lü et al., 2010 
Scaphognathus (SMNH 
59395) 
7 Bennett, 2014 
Jianchangopterus (YHK-
0931) 
8 
Lü and Bo, 
2011 
Darwinopterus (Multiple 
specimens) 
8 to 9 
Lü et al., 
2010; Wang 
et al., 2010; 
Lü et al. 2011 
Pterodaustro (Line 
drawing) 
10 
Wellnhofer, 
1978 
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Cycnorhamphus 
(NHMUK PV OR 37370 
x) 
10 
Personal 
observation 
Pterodactylus (Multiple 
specimens) 
7 to 11 
Wellnhofer, 
1978 
Germanodactylus 
(Multiple specimens) 
7 to 16? 
Personal 
observation 
Istiodactylus (BMNH R 
0176) 
9.5 Hooley, 1913 
Tapejara (SMNK PAL 
1137) 
11 
Eck et al., 
2012 
Anghanguera (NSM-PV 
19892) 
9 
Kellner and 
Tomida, 2002 
Pteranodon (YPM 1175) 6? Bennett, 2001 
Quetzalcoatlus (N/A) 7 
Witton and 
Habib, 2010 
 
Table 4.1. Humeral length/width ratio of pterosaurs. The average ratio is 9.7. While it is not 
uncommon for pterosaurs to have a humeral length/width ratio 13% above the 
average, only 8 taxa have ratios 23% or greater above the average, 5 of which 
(including NHMUK PV R 36634) are rhamphorhynchines.  
 
Harpactognathus Carpenter et al., 2003 is estimated to be 2.5 m. The largest 
wingspan for a Jurassic pterodactyloid pterosaur has been suggested to be 4.5-5 m, 
based on a wing phalanx 2 from the Kimmmeridgian Solothurn Turtle Limestone 
from Solothurn, Switzerland (Meyer and Hunt, 1999). It was identified as 
pterodactyloid due to a lack of a longitudinal posterior groove, typical of 
rhamphorhynchids, and its large size (~415 mm). However, the authors noted that 
the absence of a posterior groove is not a reliable means of identifying 
pterodactyloid wing phalanges (e.g. a rhamphorhynchid wing phalanx lacking a 
groove is described by Gasparini et al. (2004). Unwin (2003) presents it as an 
autapomorphy for Rhamphorhynchinae), leaving its pterodactyloid nature 
questionable.  
 
To estimate the wingspan of NHMUK PV R 36634, data was collected from 
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Taxon Wingspan (mm) Source 
Nesodactylus (AMNH 2000) 1283 Colbert (1969) 
Rhamphorhynchus (Multiple taxa) 173-1800 Wellnhofer (1975) 
Dorygnathus (Multiple taxa) 665-1650 Padian (2008) 
Qinglongopterus 344 Lu et al. (2012) 
Sericipterus (IVPP V14725) 1739 
Andres et al. 
(2010) 
Pterorhynchus (CAGS02-IG-gausa-2/M 
608) 
768 
Czerkas and Ji 
(2002) 
 
Table. 4.2. Wingspan estimates for several rhamphorhynchine pterosaurs. 
 
rhamphorhynchines with estimated wingspans (see Appendix 6, Table 4.3). The 
datasets were divided into Rhamphorhynchus; Dorygnathus; Rhamphorhynchus 
and Dorygnathus; and all rhamphorhynchines. Rhamphorhynchus and Dorygnathus 
were analysed individually as unlike other rhamphorhynchines there are multiple 
specimens with documented wingspans. This data (Fig. 4.11) produced 4 wingspan 
estimates for NHMUK PV 36634 (Table 4.3), between 1.6 m-4.2 m. A second  
 
Base taxon 
Estimate 
(mm) 
Dorygnathus 1684 
Rhamphorhynchus 3266 
Rhamphorhynchus and Dorygnathus 2085 
Multiple rhamphorhynchines 2026 
 
Table 4.4. Wingspan estimates for NHMUK PV R36634 based on Dorygnathus, 
Rhamphorhynchus, Rhamphorhynchus and Dorygnathus combined, and multiple 
rhamphorhynchine taxa. 
 
method of estimating total wingspan is using the average percentage of the total 
wingspan made by a single humerus. This was calculated as being 5.18% for 
Rhamphorhynchinae as a single unit (Table 4.4), leading to a 1.9 m wingspan for 
NHMUK PV R36634. While most of these estimates are within a 0.5 m range, the 
 77 
 
Rhamphorhynchus result of 4.2 m would makes NHMUK PV R 36634 the largest 
non-pterodactyloid pterosaur. However, given the derived nature of the 
Rhamphorhynchus wing, this wingspan is considered somewhat unlikely for 
NHMUK PV 36634 which is likely a more basal animal. While all rhamphorhynchines 
have elongate wings with a wing digit comprising at least 63% of the wing (Unwin, 
2003), in Rhamphorhynchus the wing digit contributes up to 71% of the total length 
of each individual wing. Therefore, the wingspan estimate presented here using 
Rhamphorhynchus must be treated with a degree of scepticism. The small range of 
 
 
Fig. 4.11. Graph plotting total wingspan vs. humeral length for >80 rhamphorhynchine 
pterosaurs. 
 
variation in the other estimates is considered more reliable and it is likely that 
NHMUK PV 36634 was from an animal with a 1.6–1.9 m wingspan.  
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Taxon % of the wingspan 
Dorygnathus 5.6 
Nesodactylus 4.6 
Pterorhynchus 6.8 
Qinglongopterus 5.2 
Rhamphorhynchus 4.4 
Sericipterus 5.8 
Rhamphorhynchinae 5.2 
 
Table. 4.4. The average percentage of the total wingspan of a single humerus for various 
rhamphorhynchines, and the average for Rhamphorhynchinae. 
 
        4.3.1.5. Ontogeny  
The fully fused scapulocoracoid lacking a distinguishable suture and the bone 
texture on the humerus suggests that NHMUK PV R36634 is from a reasonably 
mature individual (Bennett, 1993, Tumarkin-Deratzian, 2009). Within 
Rhamphorhynchinae, high length/width ratios are recorded in smaller taxa such as 
Nesodactylus (Colbert, 1969) or immature Rhamphorhynchus (Wellnhofer, 1975) 
and Dorygnathus (Theodori, 1852; Padian, 2008a; Padian and Wild, 1992). In larger 
specimens (e.g. NHM 37002), the length/width ratio averages between 7 and 10 
with pterosaurs undergoing negative allometric growth in the humerus (Bennett, 
1995). The high length/width ratio in NHMUK PV R 36634 suggests the animal 
matured while retaining a paedomorphic humeral condition. 
 
4.3.2. NHMUK PV R 41348: Pterodactylus marderi  
Owen (1874; Vol. IV, plate 19, figs. 7 and 8) described a proximal humerus (Fig. 
4.12) discovered from the Blue Lias of Lyme Regis, Dorset. The humerus, NHMUK 
PV R 41348, is a near complete three-dimensional proximal humerus. It retains the 
proximal humeral caput and the main body of the medial process away as well 
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Fig. 4.12. NHMUK PV R 41348, the type humerus for Pterodactylus marderi from the Blue Lias 
of Lyme Regis, Dorset. (a) As figured by Owen (1874) in (i) dorsal and (ii) ventral views. (b) 
Photographs in (i) dorsal and (ii) anteroventral views. Scale = 10 mm. 
 
as the proximal-most diaphysis, but the body of the DPC and posterior medial 
process have broken. The DPC base is strongly deflected away from the humeral 
caput. Owen (1874) considered NHMUK PV R 41348 distinct from Dimorphodon 
based on the smaller size of the humerus and its straight, rounded diaphysis. He 
named it Pterodactylus marderi Owen, 1874. Lydekker (1888) argued that Pt. 
marderi was similar in size to Dimorphodon humeri in the NHMUK collections but 
that it lacked specific identifiers. It was thus treated as a junior synonym of 
Dimorphodon. As figured by Owen (1874) the diaphysis of NHMUK PV R 41348 
appears to have a more rounded cross-section than in Dimorphodon and the DPC 
more strongly deflected away from the proximal margin. This deflection appears to 
indicate of NHMUK PV R 41348 being an indeterminate rhamphorhynchine. 
However, the DPC region of the humeral head is broken and the distal deflection of 
the DPC is likely a taphonomic artefact. Therefore, it appears that Lydekker’s (1888) 
identification of NHMUK PV R 41348 as Dimorphodon is probably correct.  
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4.3.3. NHMUK PV R 36712: the British campylognathoidid 
The previous fossils all represent evidence for Rhamphorhynchidae in the British 
Lower Jurassic, the only other group known in the British Lower Jurassic being the 
Dimorphodontidae. Recently however a new specimen has come to light which 
suggests the presence of a third pterosaur clade within the Whitby Mudstone 
Formation. In 2013 a pterosaur humerus (NHMUK PV R 36712, Fig. 4.13) from the 
Serpentinium zone, Falciferum subzone of the Upper Lias (Simms et al., 2004) from 
Scunthorpe, Linconshire was donated to the NHMUK. NHMUK PV R 36712 is the 
first pterosaur to be recovered from Scunthorpe and possesses a distinct a humeral 
morphology.  
 
NHMUK PV R 36712 is a near complete pterosaur humerus preserved on a  
quadrangular slab of limestone alongside an example of the ammonite cf. 
Eleganticeras sp. (Martill pers. comm., 2013). There is a planar break along the 
proximal humeral head, exposing the internal trabeculae and thin bone walls. 
NHMUK PV R 36712 is 35 mm long proximodistally with a diaphyseal shaft 4 mm 
anteroposteriorly at its midpoint.  In dorsal view the shaft is straight with the 
morphology of the distal epiphysis obscured by the matrix. The base of the medial 
crest is visible proximal to the break in posterior view but most of the body has 
broken off. In posterior view the distal epiphysis is dorsally expanded due to the 
broader entepicondyle. The DPC is 9.8 mm long proximodistally and 5.5 mm wide 
anteroposteriorly. The DPC is quadrangular and not deflected away from the 
humeral head. The anterior margin of the DPC appears sub-rounded with the 
proximal half extending further away from the main humeral body than the distal 
Scattered across NHMUK PV R 36712 are several rugose sections which 
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correspond with the position of the lattimus dorsi, teres major and subscapularis 
muscle scars figured in Bennett (2003).  
 
 
Fig. 4.13. NHMUK PV R 36712, a pterosaur humerus from the Whitby Mudstone Formation of 
Scunthorpe, Linconshire in (A) dorsal and (B) posterior view. Scale = 10 mm. 
 
The most diagnostic element of NHMUK PV R 36712 is the DPC. As discussed 
above it is large and quadrangular. Dimorphodon (Buckland, 1829) has a sub-
triangular DPC with a rounded anterior margin. Austriadactylus (Dalla Vecchia, 2009) 
and Preondactylus (Wild, 1984; Dalla Vecchia, 1998) both possess humeri 
comparable to Dimorphodon, but with a more quadrangular anterior margin. 
Anurognathus (Bennett, 2007), Jeholopterus Wang et al., 2002 and 
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Dendrorhynchoides Ji et al., 1999 share a strongly proximally deflected sub-
triangular DPC. Eudimorphodon (Dalla Vecchia, 2004) has a broad, quadrangular 
DPC which makes up ~30% of the total humerus length (Kellner, 2003). The distal 
margin of the DPC is slightly concave, a condition which is exaggerated in larger 
individuals. The DPC of Campylognathoides (Dalla Vecchia, 2004; Padian, 2008b) 
is similar to that of Eudimorphodon while being slightly more elongate. Caviramus 
(Dalla Vecchia, 2009) has a quadrangular DPC which is less robust than that of 
Eudimorphodon or Campylognathoides. Bellubrunnus (Hone et al., 2012), 
Dorygnathus (Padian, 2008a), Nesodactylus (Colbert, 1969) and 
Rhamphorhynchus (Wellnhofer, 1975; 1978) all share a broadly similar DPC 
morphology, tongue shaped and sometimes developing into a “hatchet shape” 
(Unwin, 2003). Sericipterus (Andres et al., 2010) and Qinglongopterus Lü et al., 
2012 lack the well-developed medial pinching in the DPC which creates the hatchet 
shape, but in at least Qinglongopterus this is most probably ontogenetic. 
Cycnorhamphus (Bennett, 2013a) and Aurorazhdarcho Frey et al., 2011 have a 
broad DPC with a thick base and a concave distal margin, as is typical of basal 
pterodactyloids (Wellnhofer 1991; Bennett 2013b; Witton 2013).  
 
NHMUK PV R 36712 can be identified as pterosaur based on its morphology and 
the extremely thin bone wall. The DPC of NHMUK PV R 36712, with its quadrangular 
shape, is similar to the DPCs of Eudimorphodon, Carniadactylus, 
Campylognathoides and Caviramus. These four taxa have previously been grouped 
into the currently paraphyletic “Campylognathoididae” by several authors (Kellner, 
2003; Unwin, 2003; Dalla Vecchia, 2009) with the quadrangular DPC used as a 
synapymorphy by both Unwin (2003) and Kellner (2003). Caviramus is distinguished 
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from NHMUK PV R 36712 in the hypertrophied diaphysis (humerus length/width = 
20). The humerus length/width ratio for NHMUK PV R 36712 is within the standard 
range for all three genera (see Section 4.3). The diaphysis of NHMUK PV OR 36712 
is more gracile than comparably sized examples of Eudimorphodon but similar to 
that of Carniadactylus and Campylognathoides (Wild, 1978; Dalla Vecchia 2004; 
2009). While the DPCs of all taxa are quadrangular, Eudimorphodon and 
Carniadactylus have larger crests with a more concave distal margin (Stecher, 
2008). The proximodistal extension of the DPC is also less than the previous taxa 
but somewhat comparable to Campylognathoides (Padian, 2008b).  
 
The diaphysis, proximodistal extension of the DPC and its occurrence in strata 
contemporaneous with the German Posidonia Shale suggest NHMUK PV R 36712 
may tentatively be referred to cf. Campylognathoides. Using the data in Padian 
(2008b), the wingspan of NHMUK PV R 36712 is estimated to be 0.7-0.75 mm. This 
is the first confirmed example of a Lower Jurassic “campylognathoidid” outside of 
the Toarcian Posidonia Shale of Germany.  
 
4.4.     The taxonomy of British Lower Jurassic pterosaurs 
Prior to this research project the taxonomic status of British Lower Jurassic 
pterosaurs was somewhat dubious. While it was clear pterosaurs had been present 
in the UK since the Earliest Jurassic, of the two Lower Jurassic genera only 
Dimorphodon was well supported. This study has produced two significant results. 
Firstly, Parapsicephalus is a distinct genus apart from Dorygnathus and is identified 
as a basal rhamphorhynchid and probable rhamphorhynchine. Furthermore, the 
Altdorf skull confirms the presence of Parapsicephalus in mainland Europe. An 
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associated humerus and scapulocoracoid suggest that Lower Jurassic pterosaurs 
and Parapsicephalus in particular reached comparable sizes to their relatives in the 
Middle and Upper Jurassic. Secondly a newly described humerus presents the first 
evidence for a Campylognathoides-grade pterosaur in Britain, introducing a third 
group into Britain. In total there are a minimum of 3 pterosaur taxa in the British 
Lower Jurassic. As well adding to the taxonomic diversity, the presence of a 
“campylognathoidid” presents evidence for a continuity of pterosaur diversity 
between the UK and Europe as both pterosaur groups occurring within the Toarcian 
Posidonia Shale can now be confirmed as pan-European. 
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Chapter 5: Aalenian ichnofossils 
 
5.1.     Introduction.  
Until recently pterosaur fossils were unknown from the Aalenian of Britain. However, 
a study by Whyte and Romano (2014) described the first evidence for Aalenian 
pterosaurs, an example of the ichnogenus Pteraichnus Stokes, 1957. Pterosaur 
trace fossils are rare in the U.K., previously being limited to the Lower Cretaceous 
Purbeck Limestone Formation of Dorset (Wright et al., 1997). The new specimen is 
significant as Pteraichnus is considered a pterodactyloid trace fossil and if correctly 
identified pushes the fossil record of the group approximately 13 million years. 
 
5.2.     Pteraichnus in the U.K.  
An ichnofossil (SCARB: 2012.1.003a, Fig. 5.1) from the Aalaenian Saltwick 
Formation (172-175 ma) of Saltwick Bay, Yorkshire was described by Whyte and 
Romano (2014). It consists of at least 2 manual and 3 pedal imprints running across 
a slab of green sandstone. The manual prints are 59 x 20 mm, while the pedal prints 
are 51 x 31 mm. SCARB: 2012.1.003 was found on the surface of a slab of the 
green sandstone from the Saltwick Formation, Ravenscar Group (Benton and 
Spencer, 1995). It consists of several manual and pedal traces. Whyte and Romano 
(2014) identify SCARB: 2012.1.003 as Pteraichnus based on the constriction of the 
body of the pedal prints and the elongate manual print.    
 
5.3.     The taxonomic significance of SCARB: 2012.1.003a 
The identification of SCARB: 2012.1.003a as Pteraichnus makes it the oldest 
example of the ichnogenus known. Whyte and Romano (2014) consider this of 
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major taxonomic significance as Pteraichnus is associated with pterodactyloid 
pterosaurs by several authors (Bennett, 1997; Billon-Bruyat & Mazin, 2003; Unwin, 
2006) based on the absence of an elongate fifth digit in the pedal print. They 
therefore identified SCARB: 2012.1.003a as a pterodacyloid fossil, making it the 
oldest remains of the group, pushing them from the Callovian-Oxfordian (~162 ma) 
into the Aalaenian. The association of Pteraichnus and Pterodactyloidea is however 
somewhat problematic. As noted by Lockley et al. (2008), the fifth toe of non-
pterodactyloid pterosaurs is incorporated in the cruropatagium and would likely have 
 
 
Fig. 5.1. Pteraichnus SCARB: 2012.1.003a from the Saltwick Formation, Saltwick Bay, 
Yorkshire. From Whyte and Romano (2014). Scale bar in cm.  
 
made infrequent contact with the ground. They note that although there may be 
undescribed traces with the fifth toe preserved, if the fifth digit was primarily elevated 
and was not a consistent part of any trace, it is impossible to identify if the trace 
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maker was a basal pterosaur or a more derived pterodactyloid. Bennett (1997) 
argued that the depth of the individual digit imprints may be taxonomically significant 
based on pterosaur terrestrial locomotion but ascertaining the topology of SCARB: 
2012.1.003a requires examination of the material fossil first hand. Furthermore, a 
recent study into the terrestrial capabilities of basal pterosaurs (Witton, 2015) casts 
doubts as to whether the posture of basal pterosaurs would result in strongly 
differentiating prints. 
 
Upon review Pteraichnus lacks taxonomic identifiers and thus cannot be assigned 
to either pterodactyloids or non-pterodactyloids with any degree of certainty. 
Therefore, SCARB: 2012.1.003a cannot be taken as evidence for Aalaenian 
pterodactyloids. They do however provide continued support for relatively large 
pterosaurs occurring earlier in the Jurassic. The pedal prints of SCARB: 
2012.1.003a are 52 mm long, approximately the same size as the pes of NHMUK 
PV 37002. This is the largest specimen of Rhamphorhynchus on record with a 1.8 
m wingspan. It is likely that the tracemaker for SCARB: 2012.1.003a was of a 
comparable size, which when combined with previous evidence (see Chapter 3) 
suggests that Lower-Middle Jurassic pterosaurs not only reached sizes frequently 
associated with a supposed diversity explosion in the Upper Jurassic, but that such 
animals would have been relatively common. 
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Chapter 6: Bathonian pterosaurs of Britain 
 
6.1.     Introduction 
The Middle Jurassic of Britain can be regarded as one of the most productive 
pterosaur assemblages of the age, with more than 400 specimens accessioned in 
over 20 institutions worldwide (see Appendix 2-5), 70% of which are held in the OUM 
and NHMUK collections. This material was primarily collected from the Bathonian 
(165-169 ma) Great Oolite Group of Oxfordshire and Gloucestershire, and includes 
some of the first pterosaur material described in scientific literature (A.B., 1757). 
Unfortunately, British Middle Jurassic pterosaurs are also among the most difficult 
assemblages to study taxonomically (see Section 6.2) due to their incompleteness. 
What follows is the first detailed review of the Bathonian pterosaurs of Britain with 
the aim of providing a revised account of their taxonomic diversity.  
 
6.2.     Rhamphocephalus and Bathonian pterosaur diversity  
As noted above, there are over 400 pterosaur fossils known from the Bathonian of 
Oxfordshire and Gloucestershire. The size of this assemblage makes it potentially 
the most taxonomically informative Middle Jurassic pterosaur resource available. 
However, despite the size of this collection almost all specimens have been placed 
in a single taxon, Rhamphocephalus Seeley, 1880, both by professional researchers 
(e.g. Lydekker, 1888) or museum curators labelling them as such. 
Rhamphocephalus is a speciose genus, with three species recognised by the end 
of the 19th century (Lydekker, 1888). The type species is Rhamphocephalus 
prestwichi Seeley, 1880, which was erected for an isolated skull table (OUM 
J.28266). Two other species previously placed in Rhamphorhynchus were 
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synonymised with Rhamphocephalus by Lydekker (1888), Rhamphocephalus 
bucklandi Meyer, 1832 and Rhamphocephalus depressirostris Huxley, 1859, both 
of which were erected for isolated mandibles which are not comparable with OUM 
J.28266. The volume of material assigned to Rhamphocephalus has led to its being 
regarded as a significant wastebasket taxon (Unwin, 1996) and it is considered here 
that it would benefit from a taxonomic re-evaluation. The following analysis 
examines the status and validity of the genus Rhamphocephalus, as well as 
evaluating material recently referred to Gnathosaurus by Buffetaut and Jeffery 
(2012). As a part of this analysis, several hundred Bathonian pterosaur fossils were 
also examined for evidence of unidentified pterosaur taxa. 
 
6.2.1. The taxonomic history of Rhamphocephalus. 
The first record of Bathonian pterosaurs was a reference to bird bones from the 
Taynton Limestone Formation of Stonesfield by a then anonymous source, 
published in the March edition of the Gentleman’s Magazine, 1757 (A.B., 1757), 27 
years before the original description of Pterodactylus. The source was identified as 
David Stuart Erskine (later Lord Cardross) by Delair and Sarjeant (2002), a prolific 
fossil collector of his day. While the material was originally identified as bird bones 
Buckland (1836), on the suggestion of Hugh Miller, proposed that all apparent avian 
material from the Taynton Limestone should be considered pterosaurian; a point 
reiterated by Owen (1859a) and Weishampel et. al (2004). Despite the general 
consensus on the pterosaurian nature of the Taynton Limestone material, some 
debate would continue for much of the 19th century (Dennis, 1856). Unfortunately, 
these original specimens were likely subsumed into various 19th century collections 
and can no longer be traced. Over the following decades several authors identified 
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Bathonian pterosaur fossils (e.g. Parkinson 1811, Ure 1829) but it was not until 1832 
that a Taynton Limestone specimen was formally described. Meyer (1832) erected 
Pterodactylus bucklandi Meyer, 1832 for a disarticulated WP3 and WP4 (the 
specimens were never figured or identified in text).  The original description was 
attributed by Meyer to the naturalists Spix and Martius, yet there seems to have  
 
 
Fig. 6.1. (a) The holotype mandible of Rhamphocephalus bucklandi, fig. 2 of Huxley (1859), 
which has since gone missing and is presumed lost. (b) The holotype mandible 
Rhamphocephalus depressirostris GSM 113723, fig. 1b of Huxley (1859). No scale included. 
 
been no published description of the material by these authors. Pt. bucklandi was 
diagnosed based on what a perceived unique WP ratio, where WP3 was longer 
WP4; and the phalanges being three times the size of the analogous elements in 
Pterodactylus.  
 
Huxley (1859) discussed several isolated elements from the Taynton Limestone, 
including lower jaw material from both the Stonesfield area and the lithologically 
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equivalent strata at Sarsden (Boneham and Wyatt, 1993). Much of this material is 
now accessioned in the NHMUK, OUM and GSM collections. Included were several 
incomplete mandibles, the most significant of which were Huxley 1859 fig. 2 (Fig. 
6.1a) and GSM 113723 (Fig. 6.1b, see Section 6.3.). Huxley (1859) considered 
these jaws to represent two different species and referred GSM 113723 to the new 
species Rhamphorhynchus depressirostris Huxley, 1859, erected based on the 
robust nature of the jaw and the shallow anterior rostrum; reduced curvature in the 
mandible; and 5 teeth in the dentary. The second jaw (Fig. 6.2a) was treated as 
dubious, belonging either to Rhamphorhynchus depressirostris or Pterodactylus 
bucklandi.  While describing it Huxley noted: 
 
“it is impossible to compare the mandibles I have described with the 
corresponding parts of the species named Pterodactylus bucklandi, 
inasmuch as none exist; but since a specific name published without a 
description has no authority, I shall not hesitate to affix the name of 
Rhamphorhynchus bucklandi to the nearly perfect mandible from Stonesfield, 
and provisionally, to the other remains in the same area”. 
 
Huxley’s (1859) reassignment was accepted, with Huxley 1859 fig. 2 made the 
holotype for Rhamphorhynchus bucklandi. Several other specimens (a posterior 
mandible, first wing phalanx [WP1], a fourth metacarpal [MCIV], a humerus and 2 
scapulocoracoids) were figured but not described. All were referred to 
Rhamphorhynchus bucklandi.  It should be noted however that Meyer (1832) did 
provide a diagnosis and description albeit a relatively insubstantial one. Phillips 
(1871) discussed the pterosaur fauna of the Taynton Limestone but did not revise 
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the taxonomy. Later, Owen (1874) erected three new Pterodactylus species for 
Stonesfield specimens: Pterodactylus kiddi Owen, 1874, Pterodactylus duncani 
Owen, 1874 and Pterodactylus aclandi Owen, 1874 for three isolated WP1 (Plate 1, 
fig. a-c) based on their proportions and size. Martill (2012, pers. comm.) suggested 
the use of size as a diagnostic character may have been based on an assumption 
that fully volant pterosaurs must have been osteologically mature and therefore 
large size differences could be specifically characteristic. More recent studies 
suggest pterosaurs were uniquely able to fly while growing (Unwin, 2005) and size 
has correspondingly limited taxonomic application.  
 
An isolated cranium (see Section 6.2.2), preserved in dorsal view and assigned to 
Pterosauria based on the thinness on the bone walls was described by Seeley 
(1880), however, Seeley (1880) noted that the arrangement of bones was more 
crocodilian than pterosaurian. He considered this construction diagnostic of a new 
taxon which he named Rhamphocephalus prestwichi Seeley, 1880. Significantly 
Seeley (1880) stated: 
 
 “I shall be quite prepared to find that all the ornithosaurians from Stonesfield 
belong to this or an allied genus which had Rhamphorhynchus for its nearest 
ally”. 
 
Seeley’s efforts to synonymise the Oxfordshire pterosaurs into Rhamphocephalus 
were re-evaluated by Lydekker (1888), who assigned both Rhamphorhynchus 
bucklandi and Rhamphorhynchus depressirostris to Rhamphocephalus, identifying 
each as distinct species from Rhamphocephalus prestwichi.  A revised diagnosis 
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for Rhamphocephalus was provided by Lydekker (1888) which included features 
from a newly discovered mandible with in-situ teeth assigned to Rhamphocephalus 
depressirostris (NHMUK PV R 47991, see Section 6.4), Rhamphocephalus was now 
defined by the anterior teeth being taller than the posterior and a constriction of the 
cranium near the orbits.  Rhamphorhynchus bucklandi and Rhamphocephalus 
depressirostris were both redescribed in the same publication. Rhamphocephalus 
bucklandi was characterized for possessing more than 5 mandibular tooth pairs, 
large size and the inferior border of the mandibular ramus being concave. 
Rhamphorhynchus depressirostris was characterized by having 5 mandibular tooth 
pairs and a prominent ventral dip to the jaw line. Furthermore, Lydekker (1888) 
placed a number of other isolated elements into Rhamphocephalus bucklandi and 
Rhamphocephalus depressirostris, with size seeming to be the main distinguishing 
factor. In the process he synonymised Pt. duncani and Pt. kiddi with 
Rhamphocephalus bucklandi, and Pt. aclandi with Rhamphocephalus 
depressirostris.  
 
In the 2 centuries since the discovery of Bathonian pterosaurs in the U.K., numerous 
authors have published on the assemblage. Owen (1859b) identified two cervical 
vertebrae as Rhamphocephalus (Pterodactylus). bucklandi based their occurrence 
in the same formation. Andres et al. (2010) noted that these vertebrae were unusual 
for non-pterodactyloid cervicals in that they appeared to possess postexapophyses 
ventrolateral to the posterior condyle. Seeley (1901) attempted to establish the 
proportions of Rhamphocephalus relative to the Toarcian Campylognathoides from 
Germany using isolated appendicular elements. He argued that Campylognathoides 
may be a junior synonym of Rhamphocephalus, based on some perceived 
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crossover of the measurements of the wing and hind limb elements. The synonymy 
was given little attention by future researchers and no significant relationship was 
found between the Stonesfield pterosaurs and Campylognathoides. Arthaber (1922) 
referred to Rhamphocephalus prestwichi as Rhamphorhynchus prestwichi Arthaber, 
1922 but whether Arthaber was unaware of Lydekker (1888) or simply chose to 
ignore it is unclear. Between 1926 and 2011, Rhamphocephalus received very little 
attention with the genus only receiving brief mentions in in the literature (e.g. Bennett, 
1996, Unwin et al., 1996, Sayão, 2003, Arevianov et al., 2005, Andres et al., 2010) 
but these were at best passing comments, with no critical evaluation presented. 
Unwin (1996) provided a slightly expanded diagnosis, including postcranial 
characters such as sacral vertebrae count. He argued that all material except for the 
holotype of Rhamphocephalus prestwichi should be synonymised with 
Rhamphocephalus bucklandi. Rhamphocephalus prestwichi was considered highly 
unusual in that its skull table was massive, texturally coarse and unusually elongate 
with large temporal openings. Unwin suggested that Rhamphocephalus prestwichi 
was not a pterosaur but subsequent authors continued to treat Rhamphocephalus 
prestwichi as a pterosaur species. Martill (2010) provided a review to the history of 
pterosaurs in England, including an overview of the Bathonian material currently 
assigned to the various Rhamphocephalus species, but again, passed no 
commentary on the validity of Rhamphocephalus. Buffetaut and Jeffery (2012) 
mentioned Rhamphocephalus prestwichi briefly but erroneously refer to it as 
Rhamphocephalus sedgwicki. 
 
Rhamphocephalus is currently considered a dubious taxon.  The characters used 
by Lydekker (1888) to diagnose this taxon are not autapomorphic as they occur 
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across several pterosaur genera (Wellnhofer, 1991). The crocodilian arrangement 
of the skull noted by Seeley (1880) raises doubts as to the pterosaurian nature of 
the holotype OUM J.28266 (Unwin, 1996). The status of a genus to which such a 
large number of specimens has been accessioned to from an understudied period 
in pterosaur evolution period is of great relevance to studies into pterosaur diversity 
therefore Rhamphocephalus is in need of taxonomic re-evaluation and revision.  
 
6.2.2. The systematics of Rhamphocephalus prestwichi and its affinities.  
Reptilia Laurenti, 1768 
Archosauria Cope, 1869 
Crocodilomorpha Hay, 1930 
Neosuchia Benton and Clark, 1988 
Thalattosuchia Fraas, 1901 
Family: Incertae sedis 
Genus: Rhamphocephalus Seeley, 1880 
Species: Rhamphocephalus prestwichi (Seeley, 1880) 
Synonymy: 
Seeley, 1880 Rhamphocephalus prestwichi p 27-30 
Newton, 1888 Rhamphocephalus prestwichi p 534 
Lydekker, 1888 p Rhamphocephalus prestwichi p 33 
Seeley, 1901 Rhamphocephalus prestwichi p 153-155 
Arthaber, 1922 Rhamphorhynchus prestwichi p 9 
Wellnhofer, 1978 Rhamphocephalus prestwichi p 41 
Benton and Spencer, 1995 Rhamphocephalus prestwichi p 128-149 
Unwin, 1996 Rhamphocephalus prestwichi p 293-295 
Unwin, 2003 Rhamphocephalus prestwichi p 177 
Buffetaut and Jeffery, 2012 Rhamphocephalus sedgwicki (sic) p 1 
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Witton, 2013 Rhamphocephalus prestwichi p 125-127 
Type specimen: OUM J.28266, a skull table exposed in dorsal view. 
Horizon and age: Great Oolite Group, Bathonian, Middle Jurassic (167 ma) 
Type locality: Kineton’s Thorn Quarry, Stow-on-Wold, Gloucestershire, United 
Kingdom. 
Revised diagnosis: An indeterminate thallattosuchian lacking generic or specific 
characters. 
 
Locality: 
The type specimen and name-holder of Rhamphocephalus is OUM J.28266 (Fig. 
6.2), a skull table exposed in dorsal view on a slab of typical Bathonian oolitic 
limestone. It was collected from the “Stonesfield Slate” of Kineton, near Stow-on-
Wold” at some time prior to 1880 (Seeley, 1880). Kineton is approximately 7 miles 
Stow-on-the-Wold, in Gloucestershire, near the River Windrush (Fig. 6.3). Fossils 
were collected from the Kineton Thorns Quarry which exposes the Cotswold Slate 
Formation and the Eyeford Member of the Fuller’s Earth Formation that underlies 
the Taynton Limestone Formation, when they occur together (Boneham and Wyatt, 
1993; Evans and Milner, 1994; Sumbler et al., 2002). The exact provenance of OUM 
J.28266 is unrecorded however it can be identified as being older than the Taynton 
Limestone Formation pterosaurs (~167 million years old). 
 
Description: 
Seeley (1880) provides a figured engraving of OUM J.28266 (Fig. 6.4) which shows 
the specimen as a well preserved, three dimensional cranium with well-defined 
margins and more of the left side of the skull preserved than the right. In hand, the 
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specimen is less well preserved than was suggested by Seeley (1880).  The Seeley 
(1880) figure is a mirror image of the fossil and while OUM J.28266 is exposed in 
dorsal view, the specimen does not preserve most of the skull roof, rather the dorsal 
bones of the skull have been removed and what is left is a dorsal view of the palate. 
UV photography (Fig. 6.5) shows that most of the bone has been removed from the 
specimen, with only a few substantial fragments present along the lateral and  
 
 
Fig. 6.2. Rhamphocephalus prestwichi holotype specimen OUM J.28266 from the Cotswold 
Slate Formation of Kineton Thorns Quarry near Stow-on-Wold, Gloucestershire. Scale = 10 
mm.  
 
posterior margins. The widest point of the skull is approximately equal width but 
constricted medially, forming the medial margins of two large fenestrae. The 
fenestrae are at least 23 mm anteroposteriorly. The posterior skull has the largest 
bone fragments on the specimen and some of the external bone wall with a relatively 
smooth bone texture. Medially some small fragments of bone are embedded in the 
rock which show internal parallel striations. On the right of this as figured in Fig 6.2, 
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there is an irregular semi-hemispherical suture, with the apex directed into the 
widest portion of the skull.  the preserved bone. To the right of this suture, the skull 
 
 
Fig. 6.3. Map of the Stow-On-Wold region, with the area of the Kineton Thorns Quarry 
highlighted in pink. From http://www.cotswoldphotolibrary.com 
 
is constricted into a pair of concavities, again forming the medial margins of two 
fenestrae. These are 15 mm long with the medial margins being more strongly 
rounded and invading the bone to a larger degree than the previous fenestrae. 
Adjacent to these are small paired domes on either side of the mid-line. They are 
16 mm by 3 mm and together give this portion of the skull an elongate sub-diamond 
shape. To the right of these domes as figured in Fig. 6.2 are two elongate, semi- 
ovate depressions measuring 14 mm by 2 mm. The remainder of the specimen 
tapers to a sharp point.  
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Fig. 6.4. An engraving of OUM J.28266 as figured by Seeley (1880).  
 
Discussion: 
Seeley’s identification of OUM J.28266 is difficult to reconcile with the skull 
morphology of pterosaurs. Fig. 6.6 shows a simplified reconstruction of OUM 
J.28266 presented next to the skull of Rhamphorhynchus as figured by Wellnhofer 
 
 
Fig. 6.5. OUM J.28266 photographed under ultraviolet light. Note the preserved bone 
fluorescing in green along the margins of the impression. Image provided by Mr. Steven 
Vidovic.  
 
 (1975) and highlights several differences. Pterosaur skulls have large sometimes 
medially positioned orbits which may correspond with the larger fenestrae of OUM  
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Fig. 6.6. (a) A simplified outline of OUM J.28266. (b) The skull of Rhamphorhynchus as seen 
in dorsal view. From Wellnhofer (1975). Images not to scale. 
 
J.28266 but the nares are positioned more anteriorly along the rostrum than in OUM 
J.28266. In Rhamphorhynchus the antorbital fenestra are proximal to the orbits but 
are laterally placed and do not significantly invade the dorsal profile of the skull. The 
rugose striations exposed on OUM J.28266 are absent in pterosaur bone which 
have smoother internal textures (Bennett, 1993). The morphology of OUM J.28266 
does not correspond with that of a pterosaur, a fact which was noted by Seeley 
(1880) who based the pterosaurian identification on the thinness of the bone wall. 
Seeley considered the structure of the bone to be more crocodilian (Fig. 6.7). A 
second possibility would be that OUM J.28266 was a choristodire as the group has 
a skull construction is similar to Bathonian crocodylomorphs (Fig. 6.7; Efimov, 1975; 
Sigogneau-Russell and Russell, 1978). It should also be noted that it is uncertain 
what part of the skull OUM J.28266 actually shows. Fig. 6.7 includes two simple 
reconstructions, one of the specimen taken as an entire skull and one when it is 
treated as a partial posterior skull. In both arrangements it shares similarities with 
both thallattosuchians and choristodires. However, choristodires have extremely  
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Fig. 6.7. Simplified diagrams of the possible arrangement of OUM J.28266 when reconstructed 
as (a) a complete skull and (b) the frontoparietal region of the skull. (c) Skull of   
Simoedosaurus Gervais, 1877 in dorsal view. From Sigogneau-Russell and Russell, (d) Skull 
of Pelagosaurus Bronn, 1841 in dorsal view. Abbreviations – f, frontal; n, nasal: o, orbit; p, 
parietal; pm, premaxilla; sqd, squamosoparietal depression; suf, superior temporal fenestra. 
Not to scale. 
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broad superior temporal fenestrae and orbits more anteriorly positioned than OUM 
J.28266. Thallatosuchian crocodylomorphs such as Steneosaurus Geoffroy, 1825 
and Teleosaurus Geoffroy, 1825 have large superior temporal fenestra separated 
by a squamosoparietal bar with a broad ventral base (Walkden et. al, 1987). The 
orbits are placed relatively close to the temporal fenestrae, are several times smaller 
and are more sub-rounded (Jouve, 2009). The rostrum anterior of the orbits 
comprises the two nasals located in-between the posterior maxillae and become 
“pinched” anteriorly (Adams-Tresmann, 1987). The choanae of thallattosuchians 
are positioned close to the orbits (Pierce and Benton, 2006) and are located in a 
similar position to the raised ‘domes’ present in OUM J.28266. If a comparison is 
made with the orientation shown in Fig. 6.7b the skull again corresponds with 
thallattosuchians, where the frontals anterior to the superior temporal fenestrae can 
have horizontal margins and the anterior squamosoparietal bar can have a lateral 
expansion just posterior of the anterior margins of the temporal fenestrae (Walkden 
et al., 1987; Young et al., 2010). In this revised orientation Seeley’s (1880) temporal 
fenestrae become the medial margins of the orbits. 
 
Although the orientation of the OUM J.28266 remains debatable, it compares well 
with the skull of thallattosuchian crocodylomorph. The genus Rhamphocephalus, 
which was erected for OUM J.28266, can now be removed from Pterosauria and is 
considered here to be Thallattosuchia incertae sedis.  
 
6.3.     The taxonomic the status of Rhamphocephalus depressirostris and 
Rhamphocephalus bucklandi. 
With the removal of Rhamphocephalus from Pterosauria the taxonomic statuses of  
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Rhamphocephalus bucklandi and Rhamphocephalus depressirostris, both 
unambiguously considered pterosaurian, must now be considered taxonomically.   
 
6.3.1. The taxonomy of Rhamphocephalus bucklandi. 
Reptilia Laurenti, 1768 
Archosauria Cope, 1869 
Pterosauria Kaup, 1834 
Breviquartossa Unwin, 2003 
Rhamphorhynchidae Seeley, 1870 
Genus: Rhamphocephalus Seeley, 1880 
Species: Rhamphocephalus bucklandi (Meyer, 1832) 
Synonymy:  
Meyer, 1832 Pterodactylus bucklandi p 27-30 
Huxley, 1859 Rhamphorhynchus bucklandi p 658-670 
Owen, 1859 Pterodactylus bucklandi p 169 
Phillips, 1871 Rhamphorhynchus bucklandi p 224 
Lydekker, 1888 Rhamphocephalus bucklandi p 34-36 
Seitz, 1907 Rhamphocephalus bucklandi p 289-291 
Wellnhofer, 1978 Rhamphocephalus bucklandi p 41 
Benton and Spencer, 1995 Rhamphocephalus depressirostris p 142-145 
Unwin, 1996 Rhamphocephalus bucklandi p 293-295 
Riqlés et al., 2000 Rhamphocephalus bucklandi p 351 
Sayão, 2003 Rhamphocephalus bucklandi p 335 
Unwin, 2003 Rhamphocephalus bucklandi p 177 
Barrett et al., 2008 Rhamphocephalus bucklandi p 68 
Buffetaut and Jeffery, 2012 Rhamphocephalus bucklandi p 1 
Steel, 2012 Rhamphocephalus bucklandi p 1341 
Witton, 2013 Rhamphocephalus bucklandi p 125-127 
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Holotype: Huxley 1859 fig. 2, a pterosaur jaw preserved in left lateral view. 
Occurrence: Smith’s Quarry, Sarsden, Oxfordshire, United Kingdom. 
Referred material: NHMUK PV R 28610, 32752, 37765, 38014, 38015, 38016, 
38017, 38019, 38020, 38025, 40126, 47994, 47999 a, 1028, 1029, 1030, 1824, 
2637, 6749, 6750 (Steel, 2012); OUM J.28275, J.28537, J.283043 (Huxley, 1859) 
Diagnosis: Identified as an indeterminate rhamphorhynchid based on the 
possession of a prowed mandibular symphysis and alveoli showing broad, well-
spaced teeth. 
 
The holotype of Rhamphocephalus bucklandi (Fig. 6.2a) is an isolated jaw with 5 
alveoli and a short anterior prow. The specimen, usually referred to in the literature 
as Huxley 1859 fig. 2, was lost and has never been recovered but as the other 
specimens figured by Huxley (1859) are currently accessioned in the Oxford 
University Museum (OUM) collections it too was most likely held there. While the 
specimen cannot be examined in person, the figure shows a jaw typical of 
rhamphorhynchid pterosaurs with less than 8 teeth in the ramus and a prowed 
mandibular symphysis. The taxon Rhamphocephalus bucklandi is considered a 
nomen dubium due to Rhamphocephalus being considered Thallattosuchia incertae 
sedis and Huxley 1859 fig. 2 being unavailable for examination. Despite this its 
overall morphology is comparable to other pterosaurs and it is identified here as a 
probable rhamphorhynchid.  
 
6.3.2. The taxonomy of Rhamphocephalus depressirostris. 
Reptilia Laurenti, 1768 
Archosauria Cope, 1869 
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Pterosauria Kaup, 1834 
Breviquartossa Unwin, 2003 
Rhamphorhynchidae Seeley, 1870 
cf. Scaphognathinae 
Genus: Rhamphocephalus Seeley, 1880 
Species: Rhamphocephalus depressirostris (Huxley, 1859) 
Synonymy:  
Huxley, 1859 Rhamphorhynchus depressirostris p 658-670 
Lydekker, 1888 Rhamphocephalus depressirostris p 34-36 
Wellnhofer, 1978 Rhamphocephalus depressirostris p 41 
Evans et al., 1994 Rhamphocephalus depressirostris p 307 
Benton and Spencer, 1995 Rhamphocephalus depressirostris p 128-144 
Unwin, 1996 Rhamphocephalus depressirostris p 293-295 
Unwin, 2003 Rhamphocephalus depressirostris p 177 
Barrett et al., 2008 Rhamphocephalus depressirostris p 69 
Buffetaut and Jeffery, 2012 Rhamphocephalus depressirostris p 1 
Steel, 2012 Rhamphocephalus depressirostris p 1341 
Witton, 2013 Rhamphocephalus depressirostris p 125-127 
Holotype: GSM 113723, a three dimensional pterosaur jaw preserved in left lateral 
view. 
Occurrence: Smith’s Quarry, Sarsden, Oxfordshire, United Kingdom. 
Horizon and age: Fuller’s Earth Formation, Bathonian, Middle Jurassic (167 ma) 
Referred material: NHMUK PV R40126 (Steel, 2012).  
Diagnosis: Identified as an indeterminate possible scaphognathine based on the 
morphology of the teeth and consistant posterior increase in the alveolar spacing.  
 
GSM 113723 (Figs. 6.2b and 6.8) is the holotype of Rhamphocephalus bucklandi  
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however, with the identification of Rhamphocephalus as a nomen dubium, the 
specimen requires a taxonomic re-examination. It is an 87 mm long mandibular 
symphysis collected from the Fuller’s Earth Formation of Smith’s Quarry, Sarsden, 
Oxfordshire. It is a three dimensional near complete pterosaur jaw, contained within 
a block of oolite. The jaw is preserved in a piece of oolitic limestone typical of the 
Bathonian oolites with the medial left and lateral right rami both obscured by the 
matrix, as is the dorsal view of the symphysis. It has been damaged at some point 
with the right ramus broken off and reattached. The anterior symphysis is missing, 
exposing its oval cross-section and thin bone walls. The ventral posterior symphysis 
is bowed indicating the presence of a prow. In ventral view the symphysis has a 
relatively deep sulcus at its posterior boundary. There are five alveoli preserved on 
the rami, with the fifth alveolus on both rami bearing an in-situ tooth.  There are no 
alveoli preserved posterior to these teeth. The alveoli are 5-6 mm mesiodistally and 
spaced 3-8 mm apart with the spacing increasing posteriorly. The anterior alveoli 
are slightly splayed, giving the dorsal symphysis an undulating margin and 
suggesting the teeth were projected anterolaterally. The preserved teeth are 15 mm 
long, thin and peg-like. Both teeth are directed anteriorly at ~70° relative to the jaw 
line. The thin bone walls, the dental arrangement and smooth bone texture all 
identify GSM 113723 as a pterosaur. The low tooth count and simplistic elongate 
teeth distinguish GSM 113723 from the more complex teeth of basal non-
rhamphorhynchids. The height and number of the medially placed teeth also serves 
to distinguish it from monofenestratans, which tend to have numerous relatively low 
medial teeth (Wellnhofer, 1978; 1991; Wang et al., 2010). Therefore, GSM 113723 
can confidently be placed in Rhamphorhynchidae. The apparent lack of teeth 
posterior to the fifth alveolus may ally it with Scaphognathinae as Unwin (2003) 
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argues they have no more than 5-6 teeth in the lower jaw. Tall peg-like teeth, wide 
medial spacing and relatively short prows are also found in scaphognathines (Cheng 
et al., 2012; Bennet, 2014; Zhou, 2014). In particular, the ventral morphology of the 
prow is similar to that of Scaphognathus (Jianchangnathus) robustodus (Zhou, 
2014), a scaphognathine form the Tiaojishan Formation of China. Conversely, 
rhamphorhynchine teeth can frequently be elongate and somewhat anteriorly 
oriented as in Rhamphorhynchus, Dorygnathus and Angustinaripterus (Wellnhofer, 
1975; He et al., 1983; Padian, 2008a). The posterior medial teeth of 
scaphognathines also tend to have a lower profile than those of rhamphorhynchines 
(Zhou, 2014) and as the posterior rami of GSM 113723 are missing, the presence 
or absence of further alveoli may be indeterminate. GSM 113723 is therefore only 
tentatively identified as cf. Scaphognathinae indet.  
 
6.4.     A new genus within the Taynton Limestone Formation.  
While the identification of Rhamphocephalus as a nomen dubium argues there are 
no undisputed taxa within the Taynton Limestone Formation, the holotype of 
Rhamphocephalus depressirostris can positively be identified as a possible 
scaphognathine pterosaur. It is not however the only pterosaur morphotype 
identifiable within the Taynton Limestone Formation as a third jaw, NHMUK PV R 
 47991 (Fig. 6.9), bears several characteristics that allow for not only a familial 
placement but the erection of a new genus. It is a pterosaur mandible from the 
Stonesfield Slate Member of the Taynton Limestone Formation (165-166 ma) of 
Stonesfield, Oxfordshire. As with numerous other Stonesfield specimens, the exact 
provenance is unknown. It was first discussed by Lydekker (1888) who identified it 
as having been collected from the Lower Jurassic of Stonesfield (at the time the 
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Bathonian oolites were widely regarded as Lower Jurassic strata [Phillips, 1871]). A 
later study confirmed that the oolites around Stonesfield are of Middle Jurassic age 
 
 
Fig. 6.8. The holotype specimen of ‘Rhamphocephalus’ depressirostris Huxley, 1859, GSM 
113723 from the Fuller’s Earth Formation, Sarsden, Oxfordshire. (a) in ventral view; (b) 
rostrum in anterior view, showing its splayed alveoli; (c) the left ramus in lateral view 
displaying the thing and anteriorly directed in-situ 5th tooth; (d) the right ramus in medial 
view with the more stunted in-situ 5th tooth. Scale bars = 10 mm.  
 
and are now considered part of the Taynton Limestone Formation. (Bonham and 
Wyatt, 1993). Lydekker (1888) placed NHMUK PV R 47991 in Rhamphocephalus 
and identified it as a large example of Rhamphocephalus depressirostris. He argued 
that it possessed two characteristics of the species: 5 visible teeth in the dentary 
and a concave ventral jaw line. It was considered the best example of 
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Rhamphocephalus depressirostris in the NHMUK collections and was noteworthy 
for its relatively large size. Lydekker’s (1888) description of NHMUK PV R 47991 
was written immediately after his new definition of Rhamphocephalus 
depressirostris and this may explain some confusion on the part of Benton and 
Spencer (1995) who mistakenly 
 
identified NHMUK PV R 47991 as the type specimen for Rhamphocephalus 
depressirostris. While the characters Lydekker used to identify NHMUK PV R 47991 
as Rhamphocephalus cannot be used to suggest that it is conspecific with the type 
specimen of Rhamphocephalus depressirostris, they do support its assignment to a 
new taxon, Klouvidon rochei gen. et sp. nov.  
 
6.4.1. The systematics for Klouvidon rochei NHMUK PV R 47991  
 
Fig. 6.9. Holotype of Klouvidon rochei gen. et. sp. nov. NHMUK PV R 47991 from the Taynton 
Limestone Formation, U.K. Scale = 10 mm.  
 
Reptilia Laurenti, 1768 
Archosauria Cope, 1869 
Pterosauria Kaup, 1834 
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Breviquartossa Unwin, 2003 
Rhamphorhynchidae Seeley, 1870 
Rhamphorhynchinae Seeley, 1870 
Genus: Klouvidon gen. nov. 
Species: Klouvidon rochei, sp. nov. 
Synonymy:  
Lydekker, 1888 Rhamphocephalus depressirostris p 36 
Benton and Spencer, 1995 Rhamphocephalus depressirostris p 144 
Steel, 2012 Rhamphocephalus depressirostris p. 1347 
Holotype: NHMUK PV R 47991, a right pterosaur jaw preserved in right lateral view. 
Occurrence: Taynton Limestone Formation of Stonesfield, Oxford, United Kingdom.  
Etymology: Genus name Klouvidon from the Greek klouvi meaning cage and don 
meaning tooth. This is in reference to the large anterior laniares.  Species name 
rochei after comic book artist Nick Roche. Comic books are a medium where extinct 
animals are portrayed in an increasingly scientifically accurate manner, and Mr. 
Roche’s work in the late 2000s was one of the earlier examples in this minor 
renaissance. 
Referred material: OUM J.28419. 
Diagnosis: A rhamphorhynchine pterosaur possessing a unique combination of 
fang-like laniaries and short but robust medial teeth; medial teeth with a vertical 
height at least 1.3 times the width of the alveolar base; a posterior laniary 1.4 - 2.4 
times the height of the first medial tooth; the longest laniaries are at least 1.5 times 
the depth of the dentary at its deepest point.  
 
Description:  
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The holotype of Klouvidon rochei, NHMUK PV R 47991 (Fig. 6.9, Table 6.1), is a 
right ramus of a pterosaur dentary preserved in lateral view. While the dentition is 
three dimensional, the jaw is slightly crushed and has a gently raised profile in 
dorsoventral view. The ramus has been broken medially and later repaired. It is 140 
mm anteroposteriorly but the anterior symphysis has a break, indicating that in life 
it was more elongate. Using Rhamphorhynchus NMHUK PV R 37002 and 
Dorygnathus MBR 1920.16 as proxies (Padian, 2008a; Bonde and Leal, 2014) 
NHMUK PV R 47991 is estimated to be missing approximately 22% of the total jaw, 
giving it an estimated original length of ~180 mm. The mandible has a consistent 
depth of 13 mm posterior to the mandibular symphysis. From the mandibular 
symphysis to the anterior break, the jaw depth increases to 17 mm. The ramus 
curves gently through an arc of approximately 165°. NHMUK PV R 47991 preserves 
the second and third anterior teeth as well as the first two medial teeth. The teeth 
can be divided into two morphotypes; elongate recurved anterior laniaries and 
shorter, straighter medial dentition. A concave margin on the dorsal surface anterior 
to the first preserved tooth is identified by Lydekker (1888) as the alveolus for the 
first tooth. The first preserved laniary is 26 mm long with an 8.6 mm wide alveolus. 
The tooth is angled anteriorly 120° relative to the jaw line. It is elongate and strongly 
recurved throughout its length. The second preserved is 19 mm long with an 8 mm 
wide alveolus. It is more robust than its predecessor and less distally recurved. Its 
mesial margin is broader and more sharply recurved relative to the first preserved 
tooth. It is angled at 110° relative to the jaw line. There is a marked size 
differentiation between the anterior laniaries and the medial teeth. Even assuming 
the first medial tooth is a replacement tooth due to its small size, such teeth are 
always at least 60% erupted (Fastnacht, 2008). Thus the third preserved tooth is at 
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least 1.4 – 2.4 times the height of the first medial tooth, giving the dental profile a 
stepped appearance. The first medial tooth is 7.9 mm tall with a 6.5 mm base. It is 
squatter and more triangular than the highly recurved laniaries. Like the posterior 
most laniary it has a slightly recurved mesial margin and a straight, less expanded, 
distal margin. The second medial tooth is 10.8 mm tall and with a 7.2 mm base. 
Despite the size difference, the two medial teeth are similarly shaped.  
 
Tooth 
Crown 
length 
(mm) 
Alveolar 
Width 
(mm) 
Crown 
Width 
(mm) 
Spacing 
to next 
tooth 
(mm) 
Tooth/jaw 
depth 
Tooth 
length 
given 
as 
ratios 
2nd laniary 26 8.6 1.7 9.3 1.7 3.3 
3rd laniary 18.7 8 1.2 7.2 1.2 2.4 
1st medial 7.9 6.5 1.4 10.3 0.6 1 
2nd medial 10.8 7.2 ?1.6 N/A 0.8 1.4 
 
 Table 6.1. Measurement data for the teeth of NHMUK PV R 47991. 
 
Pterosaur mandibles are highly variable (Fig. 6.10) and often taxonomically 
informative. Austriadactylus Dalla Vecchia, 2002 and Preondactylus Wild, 1983 
have similar dental morphologies with tightly packed, sub-triangular serrated teeth 
(Dalla Vecchia et al., 2002; Dalla Vecchia, 2003). Dimorphodon has closely spaced 
peg-like teeth in the posterior half of the dentary, which become more widely spaced 
anteriorly (Buckland, 1829; Padian, 1983). Eudimorphodon, Carniadactylus Dalla 
Vecchia, 2009 and Caviramus share similar complex dentitions, each with tightly 
spaced heterodont teeth and relatively enlarged anterior laniaries (Wild 1978, 
Stecher 2008, Dalla Vecchia, 2009).  
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Campylognathoides has numerous peg-like teeth comparable in size to the anterior 
laniaries seen in several of the more basal pterosaurs (Plieninger, 1894). 
Scaphognathines (sensu Lü et al., 2010) are well known for their deep jaws whose 
depth can be as much as 1.4 times the length of the longest dentary tooth (Goldfuss, 
1830; Wellnhofer, 1991; Cheng et al., 2012). The tip of the jaw possesses a slight 
prow, but it is not as developed as in rhamphorhynchines (Wellnhofer, 1975; Cheng 
et al., 2011). The teeth are slightly taller medially, giving the dentition a somewhat 
 
 
Fig. 6.10. Simplified diagrams showing the basic morphology of several pterosaur jaws. (a) 
Klouvidon rochei; (b) Rhamphorhynchus from Wellnhofer (1978); (c) Dorygnathus from 
Padian (2008a); (d) Scaphognathus from Bennet (2014); (e) Campylognathoides from Padian 
(2008b); (f) Austriadactylus from Dalla Vecchia (2002); (g) Eudimorphodon from Wild (1978); 
(h) Darwinopterus from Lü et al. (2010); (i) Pterodactylus from Wellnhofer (1970). Images not 
to scale.  
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arched profile (Wellnhofer, 1978; Cheng et al., 2011; Bennett, 2014). Their teeth are 
widely spaced; can be straight or very gently recurved and their overall robustness 
is variable depending on taxon and position in the jaw (Carpenter et al., 2003; Cheng 
et al., 2012; Bennett 2014).  
 
Rhamphorhynchines (sensu Lü et al., 2009) possess large procumbent fang-like 
teeth (Wellnhofer, 1975; Wellnhofer, 1978; He, 1983; Padian, 2008a; Lü et al., 2012; 
Hone et al., 2012) which mesh together to form a “fish-grab” (Wellnhofer, 1991; 
Kellner and Tomida, 2000; Unwin, 2002), a cage-like structure at the anterior 
rostrum associated with an at least partially piscivorous diet in rhamphorhynchines 
and ornithocheirids (Unwin, 2003; Unwin, 2006). The mandibular symphysis 
develops into a hooked anterior prow which can vary in length ontogenetically 
(Wellnhofer 1975; 1978). Dorygnathus has three enlarged recurved laniaries, which 
become less procumbent posteriorly. Directly behind the final laniary there is a 
marked step in tooth height, with the next tooth being 16-33% the height of the last 
laniary. From here, the teeth are of a similar height, more erect and peg-like. 
Angustinaripterus He et al., 1983 has teeth of relatively equal height with the anterior 
third becoming more strongly procumbent. Bellubrunnus Hone et al., 2013, 
Qinglongopterus Lü et al., 2012 and Rhamphorhynchus have a similar dentition with 
the teeth being slightly procumbent and fang-like, with anterior-most being the most 
inclined. The teeth show a similar profile as Scaphognathus with the “arch” created 
by the elongate third tooth (Fig. 6.10).  
 
Wukongopterids have numerous slightly recurved, well-spaced teeth (Wang et al., 
2009; Lü et al., 2010; Martill and Etches, 2013). Ctenochasmatoids (sensu Unwin, 
 115 
 
2003; also Pterodactylidae sensu Pereda-Suberbiola et al., 2012) possess a wide 
variety of dental morphologies which fall into two broad categories; well-spaced peg 
like teeth and thin tightly packed teeth, that form a filtration device (Wellnhofer, 
1991). Dsungaripteroids have evenly spaced robust teeth housed in a straight jaw 
with more derived dsungaripterids have a curving edentulous anterior jaw with very 
robust medial teeth (Young, 1964; Wellnhofer, 1991).  
 
Klouvidon rochei can be distinguished from the majority of pterosaurs listed above 
with little difficulty. Its teeth lack the serrations or multiple cusps of Austriadactylus, 
Preondactylus, Eudimorphodon, Caviramus or Carniadactylus. Dimorphodon and 
Campylognathoides lack laniaries and have more closely spaced alveoli. 
Wukongopterids and Ctenochasmatoid teeth have tighter spacing, straighter jaws 
and do not possess laniaries. Dsungaripteroids have more robust teeth restricted to 
specific locations in the jaw. The curvature of the jaw and the size of the teeth show 
that Klouvidon belongs in Rhamphorhynchidae, the parent taxon of 
Scaphognathinae and Rhamphorhynchinae.  
 
In Klouvidon rochei the longest tooth is much larger relative to the depth of the jaw 
than is common for scaphognathines (Fig. 6.10; Cheng et al., 2012; Bennett 2014). 
This, combined with the marked differentiation between the anterior and medial 
teeth, shows that Klouvidon rochei is most likely a rhamphorhynchine. At least five 
rhamphorhynchine taxa are known with lower jaws preserved and can be compared 
directly with the lower jaw of Klouvidon rochei. Of these five taxa, the lower jaws of 
Bellubrunnus and Qinglongopterus are crushed dorsoventrally and difficult to 
compare to NHMUK PV R 47991 (Hone et al., 2012, Lü et al., 2012). 
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Angustinaripterus lacks complete teeth but the alveoli are of a relatively consistent 
size (He et al., 1983). This suggests a lack of medial/anterior tooth differentiation, 
distinguishing it from Klouvidon. Dorygnathus and Rhamphorhynchus show some 
size differentiation in the teeth (Fig.  6.10). With Rhamphorhynchus this 
differentiation is subtle with a slight increase in the tooth size towards the middle of 
the jaw followed by a gradual decrease posteriorly. This gives it a dental profile not 
dissimilar from Scaphognathus but distinct from Klouvidon rochei. In contrast, 
Dorygnathus shares several similarities. Like Klouvidon rochei the jaws of 
Dorygnathus can possess a gentle curvature throughout their length, developing 
into a robust and well developed prow (Fig. 6.10; Padian 2008a).  Dorygnathus 
possesses a well-developed differentiation between small peg-like medial teeth and 
large somewhat recurved laniaries. These similarities do suggest that NHMUK PV 
R 47991 is more closely allied to Dorygnathus than other rhamphorhynchine 
pterosaurs however Klouvidon does possess a combination of characters that 
distinguish it from Dorygnathus. While both pterosaurs have small medial teeth, in 
Dorygnathus the teeth are smaller, closer spaced and less robust than in Klouvidon 
(Padian, 2008a).  In Klouvidon the posterior most laniary is 1.4-2.4 times the size of 
the first medial tooth. In Dorygnathus SMNS 55886 (Padian, 2008a), the posterior 
most laniary is between 2.6 and 3.7 times the size of the first medial tooth. In what 
is referred to by Padian (2008b) as the Vienna specimen of Dorygnathus (held in 
the Natural History Museum, Vienna) which is closer in size to NHMUK PV R 47991 
(approximately 130mm long), the ratio is 3.3. This difference is a consequence of 
the medial teeth being much larger and more robust in Klouvidon compared to 
Dorygnathus, with a tooth length/alveolar width in the anterior medial teeth of at 
least 1.3. In the above Dorygnathus specimens, the ratio ranges between 2.6 and 
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6, depending on the mesiodistal width of the tooth. The laniaries of NHMUK PV R 
47991 are robust, with broad alveoli while those in Dorygnathus are not only more 
strongly anteriorly inclined but comparatively thinner mesiodistally (Padian, 2008a). 
In NHMUK PV R 47991 the longest tooth in the jaw is at least 1.5 times the 
dorsoventral depth of the jaw at its deepest point.  Contrasting this, in the Vienna 
Dorygnathus the tooth/jaw ratio is around 2.6 and in Dorygnathus UUPM R156 from 
the University of Uppsala the ratio increases to 3. This is due to the laniaries of 
NHMUK PV R 47991 being shorter relative to the depth of the jaw whereas 
Dorygnathus has elongate laniaries set in a comparatively thinner mandible (Padian, 
2008a).  
 
The evidence presented above indicates that Klouvidon rochei is more closely 
related to Dorygnathus than other pterosaurs but possesses several characters that 
show it is generically distinct. NHMUK PV R 47991 is considered a new genus of 
basal rhamphorhynchine and given the binomial Klouvidon rochei. Based on a 
comparison with NHMUK PV R 37002, Klouvidon is estimated to have achieved an 
adult wingspan of ~2 m.  
 
6.4.2. Material which can be referred to Klouvidon. 
Currently only one other specimen accessioned in the OUM collection is considered 
referable to Klouvidon. An isolated anterior mandible OUM J.28410 (Fig. 6.11) is an 
isolated mandibular symphysis with three complete alveoli, 63 mm anteroposteriorly 
and 13 mm dorsoventrally at its deepest point. It is broken posterior to the third 
alveolus, around the midpoint of the incomplete fourth alveolus and the alveoli are 
approximately 8 mm wide mesiodistally. The first alveolus is directed 
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dorsoanteriorly, whereas the second and third alveoli are more dorsally oriented. 
The anterior symphysis is developed into a large sweeping prow which makes up 
28% of the preserved jaw. The elongate and robust prow identifies it as 
rhamphorhynchine. The large alveoli and the relatively deep jaw are similar to the 
 
 
Fig. 6.11. An isolated mandibular symphysis, OUM J.28419, most probably from the Taynton 
Limestone Formation, U.K. Referred here to Klouvidon. Scale = 10 mm. 
 
arrangement of the holotype of K. rochei. However, K. rochei is primarily defined on 
dental characters whereas OUM J.28410 lacks teeth. Therefore, it cannot be 
positively placed in Klouvidon but is sufficiently similar in its overall morphology to 
be provisionally identified as cf. Klouvidon sp.  
 
6.5.     Other pterosaur mandibles from the British Bathonian.  
Several mandibles are known from the Bathonian of the U.K. which are more difficult 
to identify than those described above and are either of dubious pterosaur 
identification or cannot be identified with the same degree of taxonomic resolution.  
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6.5.1 NHMUK PV R 1824.  
A pterosaur mandible, NHMUK PV R 1824 (Fig. 6.12), is broken transversely and 
divided into part and counterpart. When the parts are separated, it exposes the total 
length of the jaw in dorsal view. The jaw is complete posterior to the mandibular 
symphysis while the symphysis itself is not preserved beyond its posterior margin. 
It is 100 mm long with rami approximately 13 mm deep dorsoventrally. Both rami 
preserve five alveoli but with no teeth. These alveoli comprise approximately 49% 
of the total ramus length. The posterior alveoli are dorsally oriented with the more 
anterior alveoli becoming more laterally placed. The alveoli range between 4-5 mm 
mesiodistally and are set 6-8 mm apart.  
 
The identity of NHMUK PV R 1824 is difficult to determine. The number of medial 
teeth posterior to the symphysis, their relatively uniform size and spacing identify 
NHMUK PV R 1824 as a Rhamphorhynchidae. It is not clear however if it is distinct 
from or synonymous with K. rochei. While the holotype of K. rochei has similar 
anterior alveolar spacing the rami of NHMUK PV R 1824 appears more gracile than 
K. rochei, the rami lack the gentle curve seen in Klouvidon. The rami remain 
relatively straight, then develops a dip at the posterior articulation. Difficulties in 
identifying it are compounded by its awkward preservation, but it is identified here  
as Rhamphorhynchidae indet.  
 
6.5.2. A possible gnathosaurine pterosaur in the Taynton Limestone 
Formation? 
An elongate rostral tip (OUM J.01419, Fig. 6.13) with thirteen “awl-shaped teeth 
projecting laterally” was described by Phillips (1871; page 194, fig. 54) which he 
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referred to the thallattosuchian Teleosaurus sublidens Phillips, 1871. More than a 
century later Buffetaut and Jeffery (2012) described the rostrum and argued that on 
dental characters (absence of carinae, the compression of the crown, the concave  
 
 
Fig. 6.12. “Teleosaurus sublidens” OUM J.01419, placed in the pterosaur genus 
Gnathosaurus by Buffetaut and Jeffery, 2012. Reported as coming from the Taynton 
Limestone Formation by Phillips (1874). Scale = 10 mm.  
 
boundary between enamelled crown and exposed dentine, a pulp cavity extending  
to the tip of the tooth) the jaw could be identified as a ctenochasmatoid pterosaur, 
most likely an unidentified gnathosaurine. While this paper received little attention, 
if correct this identification pushes the origin of pterodactyloid pterosaurs back 
several million years as well as showing that all major monofenestratan clades were 
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present in the Middle Jurassic. While describing a Middle-Upper Jurassic Chinese 
pterodactyloid, Andres et al. (2014) referred to OUM J.01419 and noted that the 
teeth bear fine striations with continuous curvature, a feature absent in 
gnathosaurines. Furthermore, they argued that the possession of a rugose surface  
 
 
Fig. 6.13. Close up of the teeth and surface texture of OUM J.01419. Note the series of linear 
carinae extending apically and the irregular crocodilian bone texture. While one tooth shows 
a mid-point gap in the enamel, this is not regularly repeated in other teeth and is not 
taxonomically significant. Scale = 5 mm.  
 
texture and the broad alveolar base identified OUM J.01419 as an indeterminate 
teleosaurid, as originally proposed by Philips (1871). OUM J.01419 is currently 
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being reviewed as part of a joint research project and therefore cannot be discussed 
in great detail here but the initial results support Andres et al. (2014). Examination 
of its bone texture (Fig. 6.14) shows that while the surface bone is heavily fractured, 
it is heavily pitted and strongly rugose across the rostral surface. The teeth (Fig. 
6.14) have light striations and where the cross-section of the tooth is exposed, the 
pulp cavity does not appear to extend to the tip. The convexity between the crown 
enamel and base of the tooth appears to be a delineation of crown and the root as 
the teeth are displaced from the sockets. These features support Phillips (1871) and 
Andres et al. (2014) identification of OUM J.01419 as a crocodylomorph with the 
spatulate jaw tip suggests it is most likely a teleosaurid. Of the two teleosaur genera 
which occur in the Taynton Limestone Formation, Steneosaurus tends to have more 
robust teeth while Teleosaurus has more slender teeth more akin to OUM J.01419 
(Phillips, 1871). Based on the dental morphology, OUM J.01419 is identified here 
as a juvenile Teleosaurus sp. with no support for the retention of T. sublidens as a 
species.  OUM J.01419 cannot be taken as evidence for pterodactyloids in the 
Middle Jurassic however there is strong evidence that some form of 
monofenestratan was present in the British Bathonian (see Section 6.6).  
 
6.5.3. Poorly preserved pterosaur jaws. 
There are several other jaws accessioned within the OUM and BGS pterosaur 
collections which cannot be discussed in the same detail as those recorded above. 
These specimens do not provide the same taxonomic resolution or possess the 
same historical significance as those previously described but remain significant in 
understanding British Bathonian pterosaur diversity. All have been recovered from 
the Taynton Limestone Formation. OUM J.28275 (Fig. 6.15a) is a fragmentary 
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pterosaur jaw measuring 72 mm anteroposteriorly and 12 mm dorsoventrally. It has 
an oval cross-section with thin bone walls. Several concavities are present on what 
is assumed to be the dorsal surface which may be alveoli but are irregularly shaped 
and very widely spaced.  While the thin bone walls and generally smooth texture  
 
 
Fig. 6.14. NHMUK PV R 1824, a pterosaur mandible split transversely. (a) In dorsal view with 
the two halves of the specimen together; (b) the dorsal slab seen in ventral view; (c) 
composite image of NHMUK PV R 1824 in left lateral view. Scale = 10 mm.  
 
supports the positive identification of OUM J.28275 as a pterosaur, its fragmentary 
nature means it lacks further identifiers and is considered here as Pterosauria indet.  
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Two fragmentary jaw elements are OUM J.28500 and OUM J.28501 (Fig. 6.15b,c). 
Both are irregularly shaped with thin bone walls. OUM J.28501 has several 
concavities which may be alveoli but are difficult to distinguish from breakage across 
the jaw. OUM J.28500 is almost featureless, it’s only distinguishing figure being the 
unusually bright colour of the bone. The only indicators they are pterosaurian is the 
thinness of the bone wall and the smooth bone texture. OUM J.28500 and OUM 
28501 are very cautiously identified as Pterosauria indet. but require further 
examination.  
 
 
Fig. 6.15. Three pterosaur mandibles held in the OUM collections. (a) OUM J.28276. (b) OUM 
J.28500. (c) OUM J.28501. From the Great Oolite Group, Oxfordshire. Scale = 10 mm.  
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GSM 113725 (Fig. 6.16a,c) is an isolated anterior lower jaw with a short symphysis. 
It is 45 mm anteroposteriorly and exposed in a ventrolateral view. Much of the bone 
is worn and broken, resulting in the left ramus being absent. The three anterior 
alveoli are exposed on GSM 113725, all approximately 5 mm mesiodistally. The 
alveoli are dorsally oriented with the spacing increasing slightly posteriorly. The 
symphysis is relatively short. The alveolar spacing and mesiodistal length is similar 
to that of GSM 113723 but it lacks the slightly splaying alveoli described above. The 
poor preservation of GSM 113725 limits its identification as synonymous or distinct  
from GSM 113723, but its alveolar spacing and mandibular symphysis do identify it 
as Rhamphorhynchidae indet. GSM 6028 (Fig. 6.16b) is a 72 mm long jaw fragment. 
It has a thin bone wall with a rugose and pitted surface texture. It preserves 10 
dorsolaterally oriented alveoli, all ~4-5 mm mesiodistally and spaced 2-4 mm apart. 
The alveoli are stepped, giving the dorsal margin a strongly undulating appearance. 
A trapezoidal fragment is positioned apart from the jaw but on the same plane, most 
likely a fragment of the posterior jaw and suggesting that GSM 6028 is from a left 
ramus. While this specimen has been accessioned amongst the Middle Jurassic 
pterosaur material, it is can confidently be identified as non-pterosaurian. While it 
possesses a thin bone wall, the somewhat raised alveoli are present only in 
lonchodecthids (Witton, 2013) and strongly rugose bone texture (Fig. 6.16d) is not 
a pterosaurian characteristic. In the Bathonian, both these features are more typical 
of crocodylomorphs (Phillips, 1871). The number of alveoli and their close spacing 
is typical of thallattosuchians (Jouve, 2009) and GSM 6028 is identified as 
Thallattosuchia indet.  
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6.6.     Pterosaur cranial remains  
Cranial pterosaur remains are among the most uncommon fossils in the British 
Bathonian. As of 2015 only 3 unequivocal cranial specimens are known, one held 
in the OUM, one in the NHMUK and one in the UMZC. All 3 are were recorded as 
being from the Stonesfield Member of the Taynton Limestone Formation from 
unknown quarries near Stonesfield, Oxfordshire. None of the specimens have been  
formally described with the only taxonomic identifications being curatorial labels.  
 
 
Fig. 6.16. Jaw material accessioned as pterosaur in the GSM collection. GSM 113723 in (a) 
right lateral and (c) dorsal views. (b) GSM 6028 with (d) a close up showing the raised alveoli 
and rugose surface texture. From the Great Oolite Group, Oxfordshire. Scale = 10 mm.  
 
6.6.1. The most complete Bathonian pterosaur cranial material  
UMZC T.718 (Fig. 6.17) is a semi-3D posterior skull, 52 mm anteroposteriorly and 
37mm dorsoventrally. It preserves the quadrate, quadratojugal, jugal, postorbital 
and squamosopostorbital bar. The quadrate is 32mm dorsoventrally and 1.6mm 
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medially in lateral view. It is elongate, strap-like in posterior view and angled 
posteriorly at 118°. Ventrally it has a well-developed and rounded condyle for 
articulating with the mandibular glenoid. The condyle is ~3.8m wide. Only the 
postorbital and quadrate processes of the squamosal are preserved but their extent 
is obscured by fractures and some fusion of the skull. The postorbital is  
 
tri-radiate, 8 mm anteroposteriorly and 11 mm dorsoventrally. The 
squamosoparietal bar is elongate and sub-rectangular. It is 11 mm anteroposteriorly 
and 4 mm wide dorsoventrally. The quadratojugal is positioned between the 
quadrate and the jugal. It is sub-triangular, with slightly elongated jugal and quadrate 
processes. The quadratojugal is well developed, 2.3 mm dorsoventrally and 6.7 mm 
anteroposteriorly. The jugal is the largest element in the specimen. Including its 
processes, it is 34mm anteroposteriorly and ~6mm dorsoventrally. It is a sub-
quadrangular bone, although in this case the maxillary process is more of a flange, 
being large and sub-rounded where it would border the antorbital fenestra. The 
postorbital process is the longest of the four but the point of contact with the 
postorbital is one of the most damaged regions of bone, obscuring its true length. It 
is estimated to be 8-16 mm long.  The postorbital and lacrimal processes form an 
angle of ~70° around the ventral margin of the orbit. UMZC T.718 preserves three 
fenestra in varying degrees of completeness. The superior temporal fenestra is 
missing its dorsal half. It is bounded by the squamosal and postorbital, and is 14 
mm anteroposteriorly. The ventral margin is smooth and sub-oval. The anterior 
border is more vertical than the posterior, and the anteroventral margin is shallower 
than the posterior. The inferior temporal fenestra is the only complete fenestra in the 
specimen. It is 28 mm dorsoventrally and 14 mm anteroposteriorly. The ventral 
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margin is smooth and sub-oval. The anterior border is more vertical than the 
posterior, and the anteroventral margin is shallower than the posterior. The inferior 
temporal fenestra is the only complete fenestra in the specimen. It is 28 mm 
dorsoventrally and 14 mm anteroposteriorly at its widest point. Its boundary includes 
the quadrate, quadratojugal, jugal, postorbital and squamosal. It possesses an 
irregular piriform morphology, with the dorsal half being wider with a relatively 
straight dorsal boundary in comparison to the ventral half’s thinner, more angular 
appearance. The orbit is missing its dorsal half but is clearly the largest of the three 
fenestrae. It is bounded by the jugal ventrally and the postorbital posteriorly. Like 
 
 
Fig. 6.17. “Rhamphinion jenkensi” UMZC T.718, from the Taynton Limestone Formation, 
Oxfordshire. Abbreviations – j, jugal; ltf, lower temporal fenestra; o, orbit; q, quadrate; qj, 
*quadratojugal; stf, superior temporal fenestra. Matrix has been digitally removed. Scale = 10 
mm. 
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the inferior temporal fenestra, the orbit is piriform with the ventral boundary 
approximately 10 mm wide in comparison to the 24 mm dorsally positioned widest 
point.  
 
Unusually UMZC T.718 has been accessioned as Rhamphinion Padian, 1984, an 
American genus from the Lower Jurassic Kayenta Formation of Arizona (Padian, 
1984). The reasoning behind the identification or who applied it is currently unknown 
and, given the non-comparable nature of the Cambridge specimen and the 
Rhamphinion type material, this placement is not considered here. UMZC T.718 can 
be identified as a non-monofenestratan based on its low-lying antorbital fenestra, 
the relatively shallow angle of the quadrate and its tetraradiate jugal (see Chapter 
3). Generic identification is somewhat problematic given the limited nature of the 
remains: the angle of the quadrate at 118° distinguishes it from Dimorphodon 
(Buckland, 1829), Campylognathoides (Padian, 2008b) and Anurognathus 
(Bennett, 2007) but is comparable to several other basal pterosaurs, including 
Eudimorphodon, Austriadactylus and Dorygnathus (Wild, 1978; Padian, 2008b). 
The angle formed by the dorsal processes of the jugal is typical of basal pterosaurs 
more derived than Campylognathoides or Eudimorphodon (Wellnhofer, 1975; Wild, 
1978; He et al., 1983; Padian, 2008a,b; Bennett, 2014). The broad sub-rounded 
inferior temporal fenestra is distinct from the majority of basal pterosaurs (Wild, 
1978; Padian, 2008b) but a similar condition is seen in several rhamphorhynchids 
(He et al., 1983; Padian, 2008a; Cheng et al., Bennett, 2014).  
 
Based on the angle of the quadrate combined with the ventral orbital and inferior 
temporal fenestra morphology, UMZC T.718 is identified here as cf. 
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Rhamphorhynchidae. Using other rhamphorhynchids for comparison (He et al., 
1983; Padian, 2008a; Bennett, 2013), two potential complete skull length estimates 
were found. Using the percentage of the anteroposterior skull which is made up of 
the postorbital region UMZC T.718 represents 25-28% of the total skull length. A 
second estimate using the same taxa and based on the size of the quadrate relative 
to the anteroposterior skull length suggests that UMZC T.718 is 37% of the total 
skull. Therefore, the complete skull of UMZC T.718 is estimated to be 140-208 mm 
long, comparable to a rhamphorhynchid with a 1.4-1.8 m wingspan.  
 
6.6.2. OUM J.28409  
OUM J.28409 (Fig. 6.18) is an 83 mm long isolated and near-complete left maxilla 
and a fragment of the posterior premaxilla. The majority of the premaxilla and the 
posterior maxilla are absent. The surface texture appears irregular but this is a 
taphonomic artefact. Much of the external bone wall is worn and it has been 
removed anteriorly, revealing internal trabeculae. The centrally positioned nasal 
process is angled posteriorly at 70-90°. While the posterior margin of the antorbital 
fenestra is not present in the maxilla, the preserved section of the premaxilla defines  
the anterior border of the nares. The nares is approximately 23 mm 
anterioposteriorly. The antorbital fenestra is at least 27 mm along the same plane. 
OUM J.28409 preserves five maxillary alveoli. The smallest is 4 mm mesiodistally, 
with the subsequent alveoli is approximately equidimensional at around 7 mm. 
Similarly, the spacing between the first and second alveolus is the smallest at 6 mm.  
alveoli and the alveolar spacing is approximately 1.6.   
 
OUM J.28409 can be identified as pterosaur based on a combination of the nares 
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and antorbital fenestra being proximal to each other, the thin bone walls and the 
internal trabeculae. Despite the limited information available in an isolated maxilla, 
OUM J.28409 can be identified as a non-monofenestratan as it possesses a 
differentiated nares and antorbital fenestra.  The possession of 5 relatively widely 
spaced maxillary tooth pairs is a rhamphorhynchid characteristic (see Chapter 3) 
and OUM J.28409 is identified as Rhamphorhynchidae indet.  
 
 
Fig. 6.18. OUM J.28409, an isolated partial maxilla in lateral view. From the Taynton Limestone 
Formation, Stonesfield, U.K. Abbreviations – a, alveoli; aof, antorbital fenestra; n, nares.  
Scale = 10 mm.  
 
6.6.3. Strong evidence for Monofenestrata in the Taynton Limestone 
Formation.  
A maxilla and partial premaxilla preserved in left lateral view, NHMUK PV R 464 
(Fig. 6.19), may be one of the most is one of the most significant pterosaur fossils 
from the Middle Jurassic. Unlike other Bathonian pterosaur skull elements it 
possesses a clear and enlarged NAOF, identifying it as monofenestratan. It provides 
what might be referred to as “smoking gun evidence” that monofenestratans were 
part of the global pterosaur fauna approximately 4 million years prior to the Chinese 
pterosaurs Darwinopterus (Lü et al. 2010) and Kryptodrakon progenitor Andres et 
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al., 2014. Presently this specimen is being studied by a team led by Brian Andres 
(Andres et al., 2011) and is unavailable for a formal description here. It should be 
noted that while the irregular dorsal margin for the support of a fibrous crest and 
robust associated tooth are comparable to wukongopterids (Lü et al., 2010), the 
dorsal skull appears more vaulted with the rostrum comparatively thinner and less 
elongate. Whether these are familial or generic characters has yet to be tested. 
 
 
Fig. 6.19. Monofenestrata indet. rostrum NHMUK PV R 464. Scale = 10 mm.  
 
6.7.     Isolated teeth 
Numerus isolated teeth have been collected from the Taynton Limestone Formation 
and accessioned within pterosaur collections (see Appendix 2).  As these teeth are 
ex-situ, they cannot be confidently identified as pterosaur. Pterosaur teeth possess 
a distinctive form with the enamel restricted to the crown of the tooth, with the base 
being made of exposed dentine. The exposed dentine sometimes extends laterally 
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to a point halfway up the crown. In almost all cases, teeth accessioned in the OUM 
and NHMUK as pterosaurian have total enamel coverage. The carinae on many of 
these teeth are also distinct, given pterosaur teeth tend to have smooth external 
surfaces (Buffetaut and Jeffery, 2012). Several teeth are less recurved and more 
sigmoidal. Both features are common to teleosaurid crocodylomorphs (Massare, 
1987). The robust morphotype are distinct from those of both pterosaurs and 
teleosaurs, comparing more strongly to pliosauroid plesiosaurs (Cruickshank et al., 
1996). Thus the majority of the teeth assigned to Pterosauria from the British Middle 
 
 
Fig. 6.20. Probable pterosaur teeth in the OUM collection from the Taynton Limestone 
Formation, Stonesfield, Oxfordshire. (a) OUM J.28489; (b) OUM J.28495; (c) OUM J.28490; (d); 
(e) OUM J.28491; (f) OUM J.43336. Figures not to scale.  
 
Jurassic can be identified as belonging to aquatic reptiles. Fig. 20 shows 6 teeth 
believe to be from pterosaurs, lacking carinae and seemingly possessing restricted 
enamel. They share a similar morphology of being relatively elongate and distally 
recurved, common to the teeth of Rhamphorhynchidae. All teeth considered 
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pterosaurian from the Taynton Limestone Formation should be identified cautiously 
however given both their isolated nature and the potential for taphonomic alteration 
of the spread of the enamel.  
 
6.8.     Non-cranial remains: ribs. 
 
Fig. 6.21. Examples of possible pterosaur ribs accessioned in the OUM collection. (a) OUM 
J.28288; (b) OUM J.28393; (c) OUM J.28404; (d) OUM J.28286. Scale = 10 mm.  
 
Ribs accessioned within pterosaur collections occur in most Taynton Limestone 
Formation. pterosaur collections (Fig. 6.21. See Appendix 3 for a complete list of  
specimens). Several distinctive morphotypes are known. Some are hyper-elongate 
with distinctive distal curvature (Fig. 6.21a) which are most likely either posterior 
thoracic ribs or gastralia. Others are relatively short with 90° curves and broad 
proximal bases, identified here as cervical ribs (Fig. 6.21b. The final dominant is a 
long continually curving rib with a prominent proximal larticulation with elongate 
twinned process, the larger of which is ventrally deflected (Fig. 6.21c). These are 
thoracic ribs and their position in the ribcage can be identified by the degree of 
posterior deflection in the dorsal process (Schachner et al., 2009). Taxonomically 
differentiating isolated ribs is extremely difficult as beyond size they have few 
distinguishers without associated material. The only identification that can currently 
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be made is the cervicals, which are larger than expected for pterosaurs with a 
current maximum wingspan of 2 m. They most likely belong to another unknown 
reptile. The difficulty in identifying such simplistic elements as ribs leads it to be 
recommended here that all Taynton Limestone Formation ribs be treated as Reptilia 
indet. and not considered pterosaurian. 
 
6.9.     Vertebrae. 
Isolated pterosaur vertebrae are relatively rare in the Taynton Limestone Formation. 
While several examples are known (see Appendix 3) the most diagnostic specimens 
are those accessioned under NHMUK PV R 40126a, two isolated cervicals (Fig 6.22) 
referred to here as CVA and CVB. CVA is an isolated cervical vertebra contained 
within a slab of oolitic limestone while CVB is a compressed but three dimensional 
isolated cervical. Both were described by Owen (1859) as coming from the 
“Stonesfield oolite” but no locality data was provided. CVA is identified as a cervical 
based on its robustness, the lack of strongly developed horizontal parapophyses 
and its relatively elongate centrum (Howse, 1986). It is 16 mm anteroposteriorly and 
12 mm transversely. Based on its quadrangular appearance it is identified as a 
cervical 3-7 (Wellnhofer, 1991). In comparison to CVB, CVA is the more poorly 
preserved. As well dorsoventrally compression it is heavily fractured along its lateral 
margins. Both the pre- and postzygapophyses are preserved but are incomplete. 
The neural spine has been broken, most likely during compaction. CVB is 
morphologically similar CVA and also considered a cervical 3-7. It is 25 mm 
anteroposteriorly (excluding the posterior condyle) and 15 mm medially. It has 
undergone dorsoventral compression, the loss of the neural spine and the right 
prezygapophysis. CVB has undergone some repair or preparation as an adhesive 
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fill several fractures in the surface. Despite the damage incurred, CVB is well 
preserved and provides a clear view of the ventral centrum. Ventrolateral to the 
posterior condyle are two enlarged projections which in dorsal view are slightly 
dished. Andres et al. (2010), who provided a brief description of NHMUK PV R 
40126a, identifies these as postexapophyses. In the anteroventral centrum, there is 
 
 
Fig. 6.22. Isolated pterosaur vertebrae (a) NHMUK PV R 40126a CVA and NHMUK PV R 40126a 
CVB in (b) dorsal, (c) right lateral, (d) left lateral and (e) ventral views. From the Taynton 
Limestone Formation. Abbreviations – c, centrum; cra, cervical rib articulation; fo, foramen; 
hyp, hypapophysis; pe, postepipophysis; pre, preexapopohysis; pz, postzygapophysis; prz, 
prezygapophysis. Scale = 10 mm.  
 
a prominent hypapophysis extending posteriorly towards the midpoint of the  
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cervical. On either side of the centrum are oval impressions which are most likely 
lateral pneumatic foramina (Howse, 1986; Wellnhofer, 1991). On either side of the 
vertebra are lateral processes, broken proximal to the centrum. These correspond 
to the dorsal articulation loci for the cervical ribs.  
 
The vertebrae of NHMUK PV R 40126a have been discussed previously by Owen  
(1859) and Andres et al. (2010). Owen (1859) figured CVB and identified it as 
Pterodactylus bucklandi but did not provide a description. Andres et al. (2010) 
discussed the vertebrae in comparison with the cervicals of the rhamphorhynchine 
Sericipterus from the Shishugou Formation in Xinjiang, China. He noted that 
NHMUK PV R 40126a cervicals were of a similar size to those of Sericipterus and 
argued they were non-pterodactyloid vertebrae with the unusual feature of 
possessing postexapophyses, suggesting that postexapophyses development may 
correlate with increasing size of cervicals during ontogeny.  
 
While CVA is relatively uninformative taxonomically, the three dimensional 
preservation of CVB allows for a more detailed comparison. While Andres and Norell 
(2005) considered the possession of cervical ribs as a basal characteristic in itself, 
reduced cervical ribs are known from several pterodactyloid clades (Wang et al., 
2007; Butler et al., 2009; Zhou and Schoch, 2011; Lü et al., 2011), including the 
highly derived Azhdarchidae (Witton and Naish 2008). While cervical ribs are not 
preserved in the type of Darwinopterus (Lü et al., 2010), there appear to be 
anterolateral projections on several vertebrae which may correspond to cervical rib 
facets. Therefore, the presence of these facets is an unreliable distinguisher 
between pterodactyloids and non-pterodactyloids. The presence of hypapophyses 
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in combination with the postexapophyses corresponds with Howse’s (1986) 
definition of pterodactyloid cervicals however, as Andres et al. (2010) note, in most 
respects these vertebrae appear typically non-pterodactyloid. Most likely these 
vertebrae are from a non-pterodactyloid monofenestratan, which have garnered 
considerable attention since their recognition for possessing a mosaic of features 
from both pterodactyloids and non-pterodactyloids (Lü et al., 2010), as seen in 
NHMUK PV R 40126a. Unfortunately, no studies have discussed basal 
monofenestratan (i.e. Wukongopteridae) cervical vertebrae in detail. With the 
inaccessibility of the majority of wukongopterid specimens (almost all material is 
from Chinese deposits) comparison is limited to published figures. Based on the 
limited information available, NHMUK PV R 40126a is identified here as cf. 
Monofenestrata indet. 
 
Three partial synsacra are known from the Taynton Limestone Formation of 
Stonesfield, one held in the NHMUK and two in the OUM. The NHMUK specimen, 
NHMUK PV R 2637 (Fig. 6.23a,b) is a synsacrum preserved in dorsal view, 21 mm 
anteroposteriorly and 14 mm laterally. It is relatively poorly preserved, having been 
crushed flat and heavily worn. There are at least 5 sacral vertebrae with a 6th 
vertebra preserved anterior to these, although it is uncertain if this is a sacral or a 
dorsal vertebra. The medial illia are preserved and define the lateral margins of the 
sacral fenestrae. The neural spines have broken and while the transverse processes 
are all present, they are damaged anteriorly. The transverse processes are 
approximately 2-3 mm anteroposteriorly with the posterior pairs horizontally oriented 
while the anterior transverse processes are angled posteriorly at ~160°. The 6th 
vertebra is 3 mm anteroposteriorly and its broken transverse processes appear to 
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connect with the illia. They form the anterior margin of a fenestra twice as broad 
anteroposteriorly as the previous fenestrae.  
 
Synsacra are unique to dinosaurs and pterosaurs within the Taynton Limestone 
vertebrate fauna (Wellnhofer, 1978; Norman, 1985). NHMUK PV R 2637 is identified 
as a pterosaurian based on its smooth bone walls, its relatively broad transverse 
 
 
Fig. 6.23. A selection of synsacra from the Bathonian oolites of the U.K. (a) NHMUK PV R 2637, 
a monofenestratan synsacrum exposed in dorsal view. (b) A simplified line drawing more 
clearly showing the structure of NHMUK PV R 2637. (c) Anterior sacral vertebrae OUM J.28281. 
(d) OUM J.28280, indeterminate vertebrate material accessioned as a pterosaur synsacrum. 
Scale = 10 mm.  
 
processes and its ultra-thin bone walls. In basal pterosaurs, the sacrum is made up 
of 3-4 vertebrae (Wellnhofer, 1978; Unwin, 2005). Wukongopterids have at least 4 
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sacral vertebrae (Lü et al., 2011) and the sacrum tends to be broad medially. In 
pterodactyloids the pelvis has at least 4 sacral vertebrae (Wellnhofer, 1978) and 
several have a large fenestra around the 4th or 5th sacral vertebra which delineates 
the anterior and posterior synsacrum. The pterodactyloid pelvis is elongate, thinning 
posteriorly throughout its length (Wellnhofer, 1991; Witton, 2013). The possession 
of at least 5 sacral vertebrae, the broad anterior fenestra and the elongate pelvis 
suggest that NHMUK PV R 2637 may be either a basal monofenestratan with a 
modified pelvis (Lü et al., 2010) or a possible indeterminate pterodactyloid. If the 
former it would represent the first evidence of a monofenestratan modifying a 
module other than the skull and neck. If the latter it is represents the earliest 
occurrence of a pterodactyloid pushing pterodactyloids back into the Middle Jurassic, 
several million years before Kryptodrakon (Andres et al., 2014). The two sacra in 
the OUM are of not as well preserved as NHMUK PV R 2637. OUM 28281 (Fig. 
6.23c) is a fragmentary sacrum consisting of two vertebrae exposed in dorsoventral 
view. A pterosaurian diagnosis should be treated somewhat cautiously however, as 
dinosaurs also possess synsacra and ontogenetically immature animals may have 
thin bone walls. The two sacra in the OUM are of not as well preserved as NHMUK 
PV R 2637. OUM J.28281 (Fig. 6.23c) is a fragmentary sacrum consisting of two 
vertebrae exposed in dorsoventral view. It is 5 mm anteroposteriorly and 10 mm 
laterally. The first sacral vertebra preserves both transverse processes while the 
second vertebra is missing one of these. OUM J.28280 (Fig. 6.23d) is a worn series 
consisting of two heavily damaged anterior sacral vertebrae and 5 widely spaced 
processes. It is 37 mm anteroposteriorly. While OUM J.28281 is broadly similar to 
the various pterosaur sacra figured by several authors (e.g. Wellnhofer, 1991, p. 
55+77), it is unidentifiable given its fragmentary nature. It is identified as cf. 
 141 
 
Pterosauria indet. OUM J.28280 has broad fenestrae and numerous thin transverse 
processes of equal length, none of which are inclined. Such features are not found 
in pterosaurs and it is unlikely that OUM J.28280 is a pterosaur sacrum. It is 
identified here as indeterminate vertebrate remains.  
 
6.10.     Appendicular material 
 Appendicular elements make up the majority of Taynton Limestone pterosaur 
material and includes scapulocoracoids, humeri, radii, ulnae, wing phalanges, 
femora and tibia. 
 
6.10.1. Scapulocoracoids 
There are several scapulocoracoids within the Taynton Limestone Formation, 
consisting of complete shoulder girdles, associated but unfused bones, isolated 
elements and fragmentary remains. OUM J.28294 (Fig. 6.24a) is a partial left 
scapulocoracoid preserved in posterolateral view. It is heavily worn with heavy wear 
around the glenoidal region. The preserved scapula is 37 mm and the coracoid 23 
mm. The proximal coracoid is overlain by the surrounding matrix. The coracoid 
possesses a low biceps tubercle that extends 2 mm ventrally and 6 mm 
proximodistally. The glenoid is limited to the scapula and occupies 10-15 mm of the 
proximal scapula. The angle formed between the scapula and coracoid is at least 
74°. The glenoid being restricted to the scapula identifies OUM J.28294 as a non-
pterodactyloid. The proximal coracoid is more slender than Campylognathoides or 
Dimorphodon (Buckland, 1829; Padian, 2008b). Its low biceps tubercle is similar to 
that of Dorygnathus, Darwinopterus and Campylognathoides (Padian, 2008a; b; Lü 
et. al, 2010) but lower than other basal pterosaurs such as Eudimorphodon (Wild, 
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1978). The angle of 74° falls into a relatively generic range shared by several basal 
pterosaurs (Wild, 1978; Padian, 2008a; b; Witton, 2013). OUM J.28295 (Fig. 6.25b) 
is a near complete pterosaur scapulocoracoid in anteroposterior view. It is missing 
the proximal ends of both the scapula and the coracoid as well as the surface bone 
of the glenoid. This exposes the internal trabeculae. The scapula is 28 mm with the 
with the coracoid being 40 mm. The angle between them is approximately 75°. The 
glenoid limited to the scapula and approximately 10 mm proximodistally. OUM 
J.28295 is identified as a non-pterodactyloid based on its glenoid being restricted to 
the scapula. Overall the structure of the two girdles is similar enough that they may 
be considered conspecific. Based on the position of the scapula, the lateral  
 
 
Fig. 6.24. (a) A partial left non-pterodactyloid scapulocoracoid OUM J.28294 in left lateral view. 
(b) A right rhamphorhynchine scapulocoracoid OUM J.28295 in right lateral view. 
Abbreviations – bt, biceps tubercle; co, coracoid; g, glenoid; s, scapula. Scale = 10 mm.  
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scapulocoracoid is less inclined than in Rhamphorhynchus but in a similar position  
to Dorygnathus and Scaphognathus. The coracoid allows it to be distinguished from 
Darwinopterus which is wider dorsoventrally and does not appear to thin proximally 
(Lü et al., 2010). OUM J.28294 and OUM J.28295 are similar enough to be 
conspecific. Based on the angle formed by the scapula and coracoid, along with the 
thin coracoidal morphology, both fossils are identified as c.f. Rhamphorhynchidae 
indet.  
 
OUM J.28297 (Fig. 6.25) is a complete right scapulocoracoid preserved in medial 
view. It is the most complete shoulder element from the Middle Jurassic, with a 62 
mm scapula and a 60 mm coracoid. The two elements form an angle of ~70°. The 
glenoid is restricted to the scapula and makes up the distal 16 mm of the bone. The 
acrocoracoid process of the coracoid is rounded and extends 4.5 mm distal of the 
glenoid. The coracoidal shaft bows slightly further away from where it meets the 
scapula. The sternocoracoidal joint is 3mm dorsoventrally and more rounded on its 
ventral surface. The biceps tubercle is very low, extending 1 mm ventrally and 7-9 
mm proximodistally. OUM J.28297 can be identified as a non-pterodactyloid by the 
glenoid restriction and the coracoid not exceeding the scapula in length. The 
scapula is of sub-equal length to the coracoid whereas in the majority of basal 
pterosaurs, the scapula is between 124-160% the length of the coracoid (Buckland, 
1829; Wild, 1978; Padian, 2008a; b). In Sericipterus (Andres et al., 2010) and 
Rhamphorhynchus (see Chapter 7) the scapula and coracoid are of sub-equal 
lengths. While this may suggest a rhamphorhynchine association, the same appears 
to be true for Darwinopterus (Lü et al., 2011). However, Darwinopterus has a larger 
biceps tubercle than OUM J.28297 while rhamphorhynchines can have biceps 
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tubercles of variable sizes (Padian, 2008a; Andres et al., 2010). Based on the ratio 
of the scapula to the coracoid and the profile of the biceps tubercle, OUM J.28297 
is tentatively identified as cf. Rhamphorhynchinae.  
 
Several isolated elements have been identified as scapulae or coracoids from the  
British Middle Jurassic (Plate 2). Several blade-like elements are present which 
have been identified as scapulae, but as isolated bones they are of limited 
taxonomic value and are identified only as cf. Pterosauria indet. At least one scapula, 
OUM J.28299, Plate 2, Fig. c) are only dubiously pterosaurian. OUM J.28399 
appears too broad to be pterosaur despite it having an anterior process 
corresponding with the position of the glenoid buttress on a scapula. The coracoids 
 
 
Fig. 6.25. A right rhamphorhynchine scapulocoracoid OUM J.28297 in medial view. 
Abbreviations – ac, acrocoracoid process; bt, biceps tubercle; co, coracoid; g, glenoid; s, 
scapula. Scale = 10 mm. 
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have a more variable preservation. with only some (e.g. NHMUK PV R 876, Plate 2,  
Fig. b) were preserved in their entirety.  Like the scapulae, isolated coracoids have 
limited taxonomic value but currently all are confidently identified as pterosaur.   
 
6.10.2. Humeri. 
There are numerous pterosaur humeri within the various Bathonian collections, 
displaying a range of morphologies and sizes. While most elements of the pterosaur 
forelimb are difficult to diagnose in isolation, humeri are a notable exception. As 
figured by several authors (e.g. Wellnhofer, 1978; Unwin, 2003; Stecher, 2008) 
humeri vary in the amount of diaphyseal curve, process positioning and DPC 
morphology, making them a highly diagnostic element of the postcranial skeleton. 
OUM J.23043 (Fig. 6.26) is a complete left humerus exposed in dorsal view, 90 mm 
proximodistally with a diaphysis 10 mm anteroposteriorly at its medial point.  The 
length/width ratio of the humerus is 9/1. While complete, the medial process and 
distal articulation are preserved primarily as outlines in the rock. The diaphysis is 
relatively straight proximally but develops a gentle anterior bowing distally, angling 
at approximately 165°. The distal diaphysis has a round anterior articulation which 
extends 8 mm anterior to the shaft. The medial process of the proximal humerus is 
positioned along the proximal articulation. It is 10 mm anteroposteriorly with a 
triangular morphology. The proximal margin is rounded, forming the posterior curve 
in the proximal sigmoidal margin. The DPC is 13 mm anteroposteriorly and 19 mm 
proximodistally. It is positioned on an equal plane as the medial process and the 
entire DPC is proximally angled. The anterior margin is strongly rounded, giving the 
DPC a short sub-triangular/tongue-like shape.  
 
 146 
 
At 90 mm long, OUM J.23043 is one of the largest Jurassic pterosaur humeri known,  
7% larger than the largest Dorygnathus humerus and 13% that of the largest 
Rhamphorhynchus (Wellnhofer, 1975; Padian, 2008a). OUM J.23043 can be 
distinguished from via the morphology of the DPC and medial process. 
Eudimorphodon (Wild, 1978), Caviramus (Stecher, 2008) and Campylognathoides 
(Padian, 2008b) have enlarged quadrangular DPC. Wukongopterids have similar 
proximodistally. It is positioned on an equal plane as the medial process and the 
 
 
Fig. 6.26. A left pterosaur humerus OUM J.23043 in dorsal view, identified as c.f. 
Scaphognathinae indet. Matrix digitally removed. Abbreviations – dpc, deltopectoral crest; 
ect, ectepicondyle; mp, medial process. Scale = 10 mm.  
  
entire DPC is proximally angled. The anterior margin is strongly rounded, giving the 
DPC a short sub-triangular/tongue-like shape.  
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At 90 mm long, OUM J.23043 is one of the largest Jurassic pterosaur humeri known, 
7% larger than the largest Dorygnathus humerus and 13% that of the largest 
Rhamphorhynchus (Wellnhofer, 1975; Padian, 2008a). OUM J.23043 can be 
distinguished from most pterosaurs via the morphology of the DPC and medial 
process. Eudimorphodon (Wild, 1978), Caviramus (Stecher, 2008) and 
Campylognathoides (Padian, 2008b) have enlarged quadrangular DPC. 
Wukongopterids have similar morphologies to OUM J.23043 but the DPC is less 
robust (Lü et al., 2011). The medial process of gallodactylids and basal 
ctenochasmatoids are distally deflected away from the proximal articulation 
(Wellnhofer, 1978; Bennett, 2012; Vidovic and Martill., 2014). While 
Germanodactylus has a DPC similar to OUM J.23043, like the ctenochasmatoids it 
has a distally deflected medial process (Wellnhofer, 1991). Other dsungaripteroids 
may have a more proximally placed medial processes but have thinner, more 
elongate DPCs (Young, 1964). OUM J.23043 lacks the medial pinching of the DPC 
seen in Nesodactylus (Colbert, 1969) and similarly sized examples of 
Rhamphorhynchus (see Chapter 7). The DPC of Scaphognathus is a similar to OUM 
J.23043 with a comparable placement of the medial process. However, the proximal 
margin of the DPC is straighter and the DPC is less strongly proximally deflected 
(Bennett, 2014). Sericipterus has a higher length/width ratio than OUM J.23043 (see 
Chapter 3), a more elongate DPC, with a more well-developed and posteriorly 
placed process of the proximal margin (Andres et al., 2010). The humerus of 
Dorygnathus is similar to OUM J.23043 (Padian, 2008a) but the DPC is generally 
more elongate and ‘tongue’-shaped.  
 
While OUM J.23043 does not compare precisely with any described pterosaur  
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Fig. 6.27. A small rhamphorhynchine humerus in dorsoventral view, NHMUK PV R 40126b. 
Abbreviations – dpc, deltopectoral crest; ect, ectepicondyle; ent, entepicondyle; pf, 
pneumatic foramen; tro, trochlea. Scale = 5 mm.  
 
humerus, the morphology of the DPC and medial process and the gentle curvature 
of the diaphysis is similar to that seen in Scaphognathus (Cheng et al., 2012; 
Bennett, 2014).  OUM J.23043 is therefore identified as cf. Scaphognathinae indet.  
The humerus of scaphognathines makes up at least 6% of the total wingspan, 
suggesting a full wingspan of 1.5 m for OUM J.23043 (Bennett 2014). This is 62% 
larger than the Scaphognathus type specimen, GPIB 1304 and 60% of the 
estimated wing span of Harpactognathus (Unwin, 2003; Andres and Myers 2013).  
A small isolated humerus, NHMUK PV R 40126b (Fig. 6.27) from the Taynton 
Limestone Formation is 15 mm proximodistally and 1.5 mm anteroposteriorly 
medially. The diaphysis is relatively straight with a sub-triangular ectopterygoid 
process which extends 1.5 mm anterior to the shaft. NHMUK PV R 40126b is almost 
complete, missing only the proximal humeral head, medial process and some of the 
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distal articulation. The DPC is 2.4 mm anteriorly, semi-‘tongue’ (as coined by Unwin 
[2003]) shaped with a broad sub-rectangular anterior margin and a probable 
proximodistal pinching towards the extremity of the DPC. As the proximal humerus 
is damaged, it is difficult to determine if the base of the DPC is distally deflected. 
NHMUK PV R 40126b is identified as cf. Rhamphorhynchinae based on the slight 
elongation and minor pinching of the DPC.  At 15 mm long NHMUK PV R 40126b 
is one of the smallest pterosaur humeri known. Similarly, sized examples of 
Rhamphorhynchus occur in immature animals (Wellnhofer, 1975), suggesting that 
NHMUK PV R 40126b is from a juvenile with a 290-340 mm wingspan (see 
Appendix 6).   
 
NHMUK PV R 40126c (Fig. 6.28) is a right humerus preserved in dorsal view. It is  
8mm long proximodistally with a 6 mm diaphysis. It is missing a large section of its 
proximoposterior humeral head and a large section of the distal diaphysis. The distal 
articulation is not preserved. The diaphysis curves anteriorly at 170-175°. NHMUK 
PV R 40126c does preserve the medial process but it is naturally ventrally oriented 
such that it disappears into the surrounding matrix. The DPC is anteriorly placed 
with a rounded anterior margin, giving it a ‘tongue’-like appearance.  
 
The high length/width (13:1) ratio in combination with the anteriorly bowed shaft of 
NHMUK PV R 40126c is indicative of it being a possible rhamphorhynchine 
identification. While lacking the strong medial pinching seen in several larger 
rhamphorhynchines, the DPC appears more elongate than that of OUM J.23043 
and less proximally oriented. The lack of a humeral head disallows identifying if the 
humerus is distally deflected (see Chapter 3).  NHMUK PV R 40126c is identified 
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here as Rhamphorhynchidae, most likely cf. Rhamphorhynchinae.  It is possible that 
NHMUK PV R 40126c is an adult example of NHMUK PV R 40126b and the straight 
shaft in the latter specimen is an ontogenetic feature. However, without any 
intermediaries the morphologies are considered too different to consider 
ontogenetically transitional. NHMUK PV R 40126c is a significant specimen as it 
confirms the presence of a second large humeral morphotype, one which can be 
assigned to Rhamphorhynchinae rather than Scaphognathinae.  
 
NHMUK PV R 28160a (Fig. 6.29) is a left pterosaur humerus preserved in 
dorsoposterior view. It is 14 mm proximodistally with a 1-2 mm medial diaphysis. It 
is anteriorly bowed through an arc of ~160°. The medial process and DPC both 7 
 
 
Fig. 6.28. A rhamphorhynchid humerus NHMUK PV R 40126c in dorsal view. Matrix has been 
digitally removed. Abbreviations – dpc, deltopectoral crest. Scale = 10 mm.  
 151 
 
project into and are somewhat overlain by the surrounding sediment. The DPC is 
positioned proximal to the proximal margin of the humerus with a sub-triangular 
medial process.   
 
The diaphysis of NHMUK PV R 28160a has several “dimples” across the posterior 
margin. These corresponds with an immature bone texture as figured by Tumarkin-
Deratzian (2006). This, when combined with its small size, indicates that like 
NHMUK PV R 40126b, NHMUK PV R 28169 is a pterosaur flappling (sensu Unwin, 
2005). As the DPC and medial process are not fully exposed it is difficult to identify, 
however the DPC is proximally positioned and clearly has an angled ventral margin 
suggesting a proximally oriented crest. Given the similarity between NHMUK PV R 
28160a and OUM J.23043 the former is identified here as cf. Scaphognathinae. Of 
note Unwin (2015) considered NHMUK PV R 28160a as a possible 
monofenestratan humerus, however he did not delve into his reasoning in detail. It 
is noteworthy that scaphognathine and wukongopterid humeri are at least somewhat 
similar and it is possible it may be an immature basal monofenestratan.  
 
6.10.3. Radii and ulnae. 
There are numerous ulnae and radii among the Bathonian pterosaurs of Oxfordshire 
and Gloucestershire in varying states of completeness (Plate 3, see also Appendix 
4). The quality ranges from extremely poor impressions (e.g. NMW GD 93.99G.2, 
Plate 3, Fig. b) to pristine (e.g. MUM LL15941.645 and NHMUK PV R 38016, Plate 
3, figs. a and d). There is a single prominent ulnar morphotype within the British 
Middle Jurassic pterosaur collections, as represented by NHMUK PV R 38016. It 
has a straight diaphysis with a rectangular process on the dorsal side of the proximal 
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ulna. The distal margin of the distal ulna is sloped and there is a broad sub-rounded 
dorsal process with a somewhat distally angled proximodorsal margin. This 
compares well with that of several basal pterosaurs including Rhamphorhynchus, 
Eudimorphodon and Campylognathoides (Wellnhofer, 1975; Wild, 1978; Padian, 
2008a). Unfortunately, radii and ulnae are relatively poorly figured in non-
pterodactyloids, and therefore NHMUK PV R 38016 is only identified as Pterosauria 
indet. 
  
 
Fig. 6.29. A small humerus, NHMUK PV R 28160a. Scale = 2.5 mm.  
 
While most ulnae fall into the above morphotype, NHMUK PV R 28610 (Plate 3,  
Fig. c) from the Eyeford Member of the Fuller’s Earth Formation in Gloucestershire 
presents a distinct second morphotype. The specimen is a distal ulna and is 
distinguished from the main morphotype by its dorsal process being more elongate 
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and narrower giving it a more triangular appearance, making it longer relative to the 
diaphysis. Like NHMUK PV R 38016, NHMUK PV R 28610a is difficult to identify 
taxonomically but its presence confirms that at least two ulnar morphotypes occur 
in the British Middle Jurassic.  
 
Bathonian pterosaur radii are similarly diverse, with two distinct forms. The first, as 
demonstrated by NHMUK PV R 40126 (Plate 3, Fig. e), has a noticeably bowed 
distal shaft, a broad proximal articulation with a rounded ventral expansion on one 
side and a sub-triangular process on the dorsal surface. The distal articulation is 
‘boxy’ with two rounded processes on the dorsal and ventral sides of the posterior 
face, separated by a slight concavity.  The second morphotype, exemplified by MUM 
REP985/LL15941.645 (Plate 3 Fig. a), has a similar distal articulation as NHMUK 
40126d but the processes on the proximal end are better developed, particularly the 
ventral tubercle. This gives the proximal articulation a somewhat T-shaped 
appearance. As with the ulnae, both morphotypes occur in a variety of pterosaurs 
and as radii are equally poorly figured in the text, the radii can only be identified as 
Pterosauria indet. Their significance here is the confirmation of at least two 
pterosaur radial morphotypes within the Middle Jurassic of Britain which presumably 
corresponds to the two ulnar morphotypes. Furthermore, the ulnae (which measure 
up to 128 mm) and the radii (up to 136 mm) allow for a wingspan estimate using the 
data contained in Appendix 6, suggesting a wingspan range for all radii and ulnae 
of between 1.4-2.5 m  
 
6.10.4. Metacarpals. 
Pterosaur metacarpals are present in the British Middle Jurassic collections but  
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Fig. 6.30. Several elements identified as metacarpi from the Great Oolite Group. (a) OUM 
J.28269, a probable MCI-III. (b) A non-monofenestratan MCIV MUM STR1244b. (c) A probable 
monofenestratan MCIV NHMUK PV R 28160b. Scale = 10 mm.  
 
uncommon (Fig. 6.30). There is one probable example of a MCI-III (OUM J.28269) 
with 3 MCIV. Specimen MUM STR1244b is a 20 mm long MCIV with a slight curve 
to the shaft and a large double condyle. It is preserved in anterior view with a more 
strongly expanded ventral condyle. NHMUK PV R 28160b a 41 mm MCIV with a 
preserved length/width ratio of 8/1. It has a prominent distal condyle and above this 
is a shard of which can be interpreted as either a broken piece of the shaft or the 
remnants of the associated metacarpals. The morphology of two specimens (OUM 
J.28269 and MUM STR1244b) is typical of non-monofenestratans being relatively 
short and broad, however NHMUK PV R 28160b is shows a distinct morphotype. 
Basal pterosaurs have MCIVs with a maximum length/width ratio of approximately 
5:1 (Wild, 1978; Wellnhofer, 1991; Martill et al., 2013) while pterodactyloids have 
metacarpals with a length/width ratio of 9:1-20:1 (Martill et al., 2013). While the ratio 
of 8:1 in NHMUK PV R 28160b is closer to the pterodactyloid condition, the proximal 
and distal diaphyses are relatively broader and more akin to those of basal 
pterosaurs. The non-pterodactyloid monofenestratan Darwinopterus has a MCIV 
with a ratio of ~10:1, with a similar constricted medial shaft along with wider proximal 
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and distal diaphyses (Lü et al., 2010). It is probable that these metacarpi belong to 
unidentified monofenestratan pterosaurs.  
 
6.10.5. Wing phalanges 
There are several WP1s within the “Stonesfield slate” pterosaur assemblage (Plate  
1), although the overall preservation can be variable. Some are entire and relatively 
undamaged, while others are broken medially or at their articulatory ends. The 
WP1s are of a seemingly uniform morphology, being large robust elements between 
101 mm - 142 mm long. Each WP1 diaphysis is bowed medially such that the 
proximal and distal are angled at 170-175° relative to the midpoint. The presence or 
absence of a posterior longitudinal groove is indeterminate in all specimens given 
their preservation, however NHMUK PV R 40126 C (Plate 1, Fig. b. See Appendix 
4 for a complete list of specimens) is not only free of surrounding sediment but 
broken medially. It reveals a triangular cross-section with a relatively thick bone wall 
and a more rounded anterior surface. The identification of these phalanges is 
problematic given their isolated nature. The consistent robustness and bowing 
diaphysis suggests that the phalanges most likely belong to a single taxon. The most 
distinctive features of the first phalanges is the anterior bowing. This is unusual as 
a majority of pterosaurs have relatively straight phalanges (Wellnhofer, 1991; Witton, 
2013). Unwin (2003) suggests that a bowed phalanx may be a Dsungaripteroid 
apomorphy but notes that its presence in the Taynton Limestone pterosaurs may 
contradict this as there is presently no evidence for Dsugaripteroidea in strata older 
than Kimmeridgian (Fastnacht, 2005; see also Chapter 7). Furthermore, an anterior 
bow is found in several Dorygnathus specimens (Padian, 2008a). The phalanges of 
dsungaripteroids are more elongate (Young, 1964) than the Taynton Limestone 
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pterosaurs while those of Dorygnathus (e.g. SMNS 56255; Padian, 2008a) are  
shorter and broader, as in NHMUK PV R 40216. Therefore, the WP1 figured in Plate 
1 are identified here as indeterminate rhamphorhynchid, most likely closer to 
Dorygnathus than other pterosaurs. Based on its similarity to the phalanges of 
Dorygnathus and using the data from Appendix 6, the wingspan of the pterosaurs 
the WP1 is estimated to be 1.4 m - 2 m.   
 
The above represents the majority of pterosaur WP1s in the collections however 
OUM J.28534 (Plate 1, Fig d) may represent a second phalangeal morphotype. It is 
a left WP1 mounted on card in dorsal view. Its proximal articulation was figured by 
Phillips (1871, p 224 fig. 74.) who described it as Rhamphocephalus bucklandi. It is 
50 mm proximodistally with a diaphysis 3 mm anteroposteriorly and missing its distal 
articulation. While the preserved diaphysis is broken proximal to its articulation the 
diaphysis appears straighter than other similarly sized specimens. It also appears 
to have a more elongate extensor tendon process. As it has been glued in place, 
OUM J.28534 cannot be examined in other views but it appears to have a shallow 
posterior groove. It is identified here as a rhamphorhynchine and potential second 
phalangeal morphotype.  
 
Several WP2-4 are accessioned in the OUM, NHMUK, MUM and GSM (Plate 1). 
These have a more variable state of completeness with several preserved primarily 
as impressions or articulatory ends with no complete WP2-3 (see Appendix 4 for a 
complete list of specimens). All fossils are contained within cut slabs of oolitic 
limestone. Unlike the first phalanges there appear to be no anterior curve in the 
second or third phalanges. The WP4s have a posterior curve in their distal half. The 
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wing phalanges 2-4 are taxonomically uninformative in isolation. When preserved in 
association the relative ratios of one element to another can be generically 
diagnostic (Unwin, 1988b; Bennett, 1995) but on their own are more valuable for an 
indication of pterosaur size ranges. The WP2 assemblage ranges between 93-195 
mm, the WP3 assemblage 89-144 mm and the WP4 assemblage 37-157 mm. The 
estimated wingspan is 0.5-1.8 m, with phalanges from pterosaurs exceeding 1.4 m 
being more common than those with wingspans below 1 m. 
 
6.10.6. Femora and tibiae 
 
Fig. 6.31. Examples of pterosaur femora from the Great Oolite Group. (a) An example of the 
elongate morphotype OUM J.28273. (b) An example of the more robust morphotype OUM 
J.28354. Scale = 10 mm.  
 
Several Taynton Limestone Formation femora and tibiae have been accessioned in 
the OUM, GSM and NHMUK collections (Figs. 6.32-6.33, see Appendix 5).  The 
femora primarily consist of incomplete articulatory ends. While complete femora are 
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known, they are uncommon. These complete femora range from 19-97 mm long 
with femoral heads angled at 130-160° relative the diaphysis. The angle of the 
femoral head appears to be a useful taxonomic tool, with lower angles being found 
in basal pterosaurs and higher angles in pterodactyloids (see Appendix 8). However, 
while this can be informative when dealing with end members, there is a large 
amount of overlap between pterodactyloids and other Jurassic pterosaurs. Several 
non-pterodactyloid pterosaurs including Wukongopteridae, Rhamphorhynchidae 
Campylognathoides and Preondactylus can have femoral necks angled between 
130-150°. Jurassic pterodactyloids such as ctenochasmatoids and dsungaripteroids 
can have femoral necks angled at as low as 120°.  Therefore, there is a large enough 
overlap in the angle range that they should only be considered diagnostic when 
dealing with outlier values. The “Stonesfield” femora (Fig. 6.31, see Appendix 5) can 
be divided into two dominant morphotypes: a thin elongate femur and a somewhat 
more robust form. The thin morphotype has a length/width ratio of 13-22:1, is 
thinnest medially and shows relatively mild expansion towards its articulatory ends. 
The more robust morph has a length/width ratio of 10-12:1 and shows less medial 
constriction. The latter morphotype is found in numerous non-pterodactyloid 
pterosaurs (Wellnhofer, 1991) and are therefore from non-monofenestratans. The 
elongate morphotype occurs in derived non-pterodactyloids such as 
Rhamphorhynchidae (Wellnhofer, 1991; Padian, 2008a) and Wukongopteridae 
(Wang et al., 2009; Lü et al., 2010), as well as in true Pterodactyloidea (Wellnhofer, 
1991). They therefore should not be considered taxonomically diagnostic in isolation.  
 
Pterosaur tibiae (Fig. 6.32) are typified by being elongate bones with rounded shafts 
and relatively broader proximal epiphyses, which in basal pterosaurs are associated 
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with a thin fibula. As pterosaurs become more derived the fibula becomes reduced 
and more heavily fused to the tibia, disappearing in more derived pterodactyloids 
(Wellnhofer, 1991; Bennett, 2001; Buffetaut et al., 2010). The distal tibia has a 
sharply angled epiphysis which fuses to the tarsal bones to form a tibiotarsus, in a 
similar manner to birds (Buffetaut, 2010). It should be noted that if poorly preserved 
the proximal tibia can easily be confused with a proximal WP3 or damaged radius. 
The distal epiphysis is somewhat more easily identified due to the sharp angle it 
displays in posterolateral view when it lacks a fused tibiotarsus (Bennett, 2001). The 
diaphysis is extremely difficult to identify in isolation, as a round shaft is also present 
in the ulna and the radius. Ultimately tibiae are one of the skeletal elements most 
reliant on completeness for any sort of taxonomic identification. This is problematic 
as the British Bathonian collections do not preserve any complete tibiae. Fig. 6.32 
contains NHMUK PV R 47993, NHMUK PV R 28160c and OUM J.28337, all of 
which are confidently identified as tibiae. Other fossils (see Appendix 5) are 
considerably more dubious and should be treated as questionable as best. The 
above difficulties, in combination with the general lack of well figured tibiae (Bennett, 
2001a), means that tibiae can be considered taxonomically uninformative within the 
Bathonian pterosaur assemblage. 
 
 
Fig. 6.32. Several Taynton Limestone pterosaur tibiae (a) NHMUK PV R 47993; (b) NHMUK PV 
R 28160c; (c) OUM J.28337. Scale = 10 mm.  
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6.11.     Middle Jurassic pterosaur diversity  
The preceding review is the most comprehensive attempt at establishing the  
taxonomic content of the Bathonian pterosaur assemblage to date. 
Rhamphocephalus is recognised here as nomen dubium erected for a non-
diagnostic skull table, belonging to a juvenile crocodylomorph. Rhamphocephalus 
bucklandi and Rhamphocephalus depressirostris cannot be reassigned to 
Rhamphorhynchus according to their original description (Huxley, 1859) as they lack 
any Rhamphorhynchus autapomorphies. While this review eliminates one taxon 
from the Taynton Limestone Formation, several others have been identified. The 
new rhamphorhynchid genus Klouvidon has been erected based primarily on dental 
autapomorphies and the Taynton Limestone has been revealed to be at least as 
diverse as other Jurassic pterosaur assemblages (see Chapters 3, 6 and 7), if not 
more so.  There are at least 3 taxa present with the potential for as many as 5 
representing the majority of the major Middle Jurassic groups including 
Rhamphorhynchinae, Scaphognathinae and Monofenestrata. While the occurrence 
of pterodactyloids in the British Bathonian remains ambiguous presence of 
monofenestratans presents the earliest evidence for the group outside of China. The 
presence of at least 3 taxa in the “Stonesfield Slate” is of particular import given 
renewed interest in Jurassic pterosaur diversity (Butler et al., 2009; 2013) and as 
discussed in Chapter 1, the traditional view of Jurassic pterosaur diversity appears 
to be highly biased by the geological record. With 3 pterosaur groups in the 
Bathonian, it becomes clear that our understanding of Middle Jurassic pterosaur 
diversity is only beginning to develop and support for the idea of a diversity explosion 
in the Late Jurassic independent of preservational factors continue to dwindle.  
  
 161 
 
Chapter 7: Oxford Clay Formation pterosaurs. 
 
7.1.     Introduction 
The Middle to Late Jurassic (Middle Callovian to Lower Oxfordian) Oxford Clay 
Formation (see Chapter 2) is one of the most productive sites in the UK for Mesozoic 
marine fossils (Leeds, 1956; Martill and Hudson, 1991). The fossil assemblage 
includes numerous marine reptiles: including ichthyosaurs, plesiosaurs and 
thallattosuchians (Martill, 1988; Martill, 1991; see Chapter 2) which occur alongside 
a diverse ichthyofauna (Ward and McNamara, 1977; Martill, 1990; Martill et al., 
1994). Allochthonous saurischian and ornitischian dinosaurs are occasionally 
recovered but these are among the rarest fossils. While most occur as isolated 
remains, several partial skeletons have been described (Woodward 1905; Martill, 
1988; Weishampel et al., 2004). Despite this rich fossil assemblage, pterosaurs are 
exceedingly rare in the Oxford Clay Formation, with only three documented 
specimens (Phillips 1871, Lydekker 1890, Leeds 1956). Phillips (1871, plate 12, figs. 
29-33) figures an indeterminate partial wing phalanx and femur from the Middle 
Oxford Clay (= Stewartby Member of Cox et al. 1992)) of St. Clements, Oxfordshire 
Lydekker (1890) described the new species Rhamphorhynchus jessoni from the 
Upper Oxford Clay (=Weymouth Member) of St Ives, Cambridgeshire based on an 
associated assemblage of bones from an immature animal. Andrews (1912) briefly 
mentions, but does not figure or describe pterosaurs from the Lower Oxford Clay 
(=Peterborough Member) of Peterborough, Cambridgeshire. Leeds (1956 would 
later describe these remains as “insignificant”. R. jessoni and the Peterborough 
pterosaurs are both accessioned in the NHMUK (see Section 7.2 and 7.3) while the 
St. Clements elements are held in the OUM (see Section 7.4). Examination of the 
 162 
 
collections of the NHMUK revealed a fourth specimen, NHMUK PV R 5642, a near 
complete three-dimensional scapulocoracoid from the Lower Oxford Clay of 
Peterborough (see Section 6:2).  
 
7.2.     The Natural History Museum, London: Unnamed Oxford Clay 
pterosaurs. 
The NHMUK has the largest collection of Oxford Clay pterosaurs in the U.K. and 
includes NHMUK PV R 1755, the type specimen of R. jessoni. 
 
7.2.1. NHMUK PV R 5642 
 
Fig. 7.1. NHMUK PV R 5642, a right scapulocoracoid in (a) posterolateral and (b) anteromedial 
views. Abbreviations – bt: biceps tubercle; lgt: lower glenoid tubercle; scj: sternocoracoidal 
joint; sgb: superior glenoid buttress. Scale = 10 mm. 
 
NHMUK PV R 5642 (Fig. 7.1) is a nearly complete right scapulocoracoid. It is 
complete except for the missing proximal articulation of the scapula and to the 
broken acrocoracoid process. The scapula and coracoid are fully fused to each 
other and lack distinctive suture lines. The scapula is 44 mm long, 5 mm wide 
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proximal to the supraglenoidal buttress and 3 mm wide medially. The coracoid is 47 
mm long, 6 mm wide proximal to the glenoid, 1 mm wide near is proximal termination 
and 4 mm wide medially. Together the scapula and coracoid form an angle of 
approximately 70°. The coracoid has a low but discernible biceps tubercle which is 
approximately 5 mm long. The sternocoracoidal joint is warped such that the 
lateroventral side of the joint is exposed in lateral view. The glenoid is restricted to 
the scapula, 13 mm long and 5 mm wide. The base of the lower glenoid tubercle is 
oblique relative to the supraglenoidal buttress.  
 
The limitation of the glenoid to the scapula identifies NHMUK PV R 5642 as a non-
pterodactyloid. The scapulocoracoid is of a similar size as that of MJML K-1597, a 
large Rhamphorhynchus from the Kimmeridge Clay Formation of Dorset described 
in Chapter 7. This combined with the complete fusion of the scapula and coracoid 
identifies NHMUK PV R 5642 as a mature individual. Morphologically NHMUK PV 
R 5642 compares well with the scapulocoracoid of MJML K-1597, but the 
sternocoracoidal joint is more reduced and the biceps tubercle less well developed. 
These differences along with the lack of recognised autapomorphies in the 
Rhamphorhynchus scapulocoracoid make it dubious as to whether the two animals 
might be congeneric, leading NHMUK PV R 5642 to be identified as 
Rhamphorhynchinae indet only. Using MJML K-1597 as a proxy the wingspan of 
NHMUK PV R 5642 is estimated to be 1.7-2m wingspan, within the upper bracket 
for non-pterodactyloids (Wellnhofer, 1991).  
 
7.2.2. NHMUK PV R 1995 
NHMUK PV R 1995 (Fig. 7.2) includes a three-dimensionally preserved left distal 
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ulna and distal right humerus. The ulna is 52 mm long with a well preserved distal 
end. The distal articulation is 13 mm dorsoventrally. Its ventral margin of the distal 
articulation is expanded relative to the dorsal indicating it is a left ulna (Bennett 2001).  
The ventral expansion is elongate and sub-rounded while the distal margin curves 
towards the shaft and is somewhat triangular in anterior view. The distal articular 
surface has an irregular margin and two concavities separated by a small tubercle.  
 
 
Fig. 7.2 – NHMUK PV R 1995. (a) Distal right humerus from the Stewartby Member of the 
Oxford Clay Formation of St. Clements, Cambridgeshire in (i) dorsal and (ii) anteroventral 
views. (b) Distal left ulna from the same locality in (i) posterior and (ii) anterior views. 
Abbreviations – cap, capitulum; ect, ectepicondyle; ent, entepicondyle; das, dorsal articular 
surface; fov, fovea; pf, pneumatic foramen; tro, trochlear; tub, tubercle. Scale = 10 mm. 
 
While Jurassic pterosaur ulnae are often figured and described, details of the distal 
morphology are frequently obscured. There are however several ulnae with 
comparative potential. Peteinosaurus and Eudimorphodon, both from the Late 
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Triassic, have smaller ventral expansions than NHMUK PV R 1995. In Sericipterus, 
the ventral expansion is more angular and less extensive than NHMUK PV R 1995 
(Andres et al., 2010). The margins of the distal articulation are also straighter than 
in NHMUK PV R 1995, where they curve slightly proximally. Wellnhofer (1975, p. 
24, fig. 12f) figures a Rhamphorhynchus ulna from MMK 1891 738 in posterior view. 
It has a similar irregular distal margin as NHMUK PV R 1995 and a large ventral 
expansion. In Pterodactylus and Aerodactylus Vidovic et al., 2014 the ulna’s ventral 
expansion is smaller than that of NHMUK PV R 1995 and has a somewhat straighter 
distal margin (Vidovic et al., 2014). Unwin (1988) figures MJML K-96, a complete 
Germanodactylus ulna in posterior view. The distal margin of is more even than that 
of NHMUK PV R 1995 where the ventral expansion is strongly offset relative to the 
dorsal expansion. It also has a more well developed medial tuberosity of the distal 
ulna in comparison to NHMUK PV R 1995 (Unwin 1988). A specimen of 
Dorygnathus (SMNS 55886) has an ulna visible in posterior view (Padian 2008a) 
that is similar to NHM PV R 1995 but with somewhat smaller dorsal and ventral 
expansions. The ulna of NHMUK PV R 1995 is most similar to that of 
Rhamphorhynchus but given the limited diagnostic nature of an isolated ulna, 
NHMUK PV R 1995 is identified as cf. Rhamphorhynchinae.  
 
The distal humerus is 29 mm long and 10 mm wide anteroposteriorly. The distal 
diaphysis curves at 160°. The distal condyles are well preserved and retains 
capitulum, trochlea and entepicondyle. Based on the difference in size it is likely to 
be from a smaller animal than the ulna. Due to the absence of the humeral head 
little descriptive information is available, but the distal morphology does allow for 
some comparison with other pterosaurs. Caviramus and Sericipterus can be 
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distinguished from NHMUK PV R 1995 by the possession of relatively straight shafts 
in dorsoventral view. Curved shafts are found in numerous pterosaurs including 
Rhamphorhynchus (Wellnhofer, 1975), Dorygnathus (Padian 2008a), Nesodactylus 
(Colbert 1969), Pterodactylus (Vidovic et al. 2014), Campylognathoides (Padian 
2008b), Eudimorphodon (Wild, 1978) and Dimorphodon (Buckland, 1829). In 
Campylognathoides and Eudimorphodon the distal condyles are more diagonally 
angled relative to the diaphysis than NHMUK PV R 1995 (Wellnhofer, 1978; Stecher 
and Stecher, 2008). Round distal condyles are common to pterosaurs but in some 
such as Pterodactylus and Nesodactylus, they are enlarged which gives the distal 
humerus a hooked appearance (Colbert, 1969;). Rhamphorhynchus and 
Dorygnathus can have either enlarged condyles or less expanded articulations 
similar to NHM PV R 1995 (Wellnhofer, 1975; Dorygnathus, 2008a). The curved 
diaphysis and the smaller condyles suggest that the humerus of NHM PV R 1995 is 
possibly rhamphorhynchine but like the ulna, a distal humerus has few diagnostic 
characters. It is identified here as cf. Rhamphorhynchinae.  
 
7.2.3. NHMUK PV R 4759 
NHMUK PV R 4759 (Fig. 7.3) is a WP1 broken into three pieces. The proximal 
articulation was originally two separate pieces which have since been glued together. 
The phalanx is 115 mm with a 5 sub-rectangular extensor tendon process projecting 
distally. A triangular anterior process is positioned directly behind the extensor 
tendon process and is 2.7 mm. The posterior margin should have a corresponding 
process which has been broken off. The WP1 has a prominent longitudinal groove, 
visible in posterior and ventral view, running along the posterior margin of the 
phalanx. This groove identifies NHMUK PV R 4759 as rhamphorhynchine but the  
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Fig. 7.3 – NHMUK PV R 4759, a first wing phalanx the Lower Oxford Clay Formation of 
Peterbough, Cambridgeshire. (a) WP1 in ventral view. Scale = 10 mm. (b) Proximal articulation 
in ventral view. Scale = 10 mm. (c) Phalangeal cross-section. Scale = 5 mm. Abbreviations – 
ap, anterior process; etp, extensor tendon process; plg, posterior longitudinal groove; vco, 
ventral cotyle. Scale = 10 mm. 
 
lack of other diagnostic features prevents it being identified on a genus level. The 
minimum estimated wingspan for NHMUK PV R 4759 is between 1.1 and 1.5 m (see 
Appendix 6).  
 
7.3.     Rhamphorhynchus jessoni, the Oxford Clay pterosaur. 
A small collection of associated pterosaur bones (NHMUK PV R 1755, Plate 5) 
collected by Thomas Jesson was described by Lydekker (1890). Named R. jessoni, 
the specimen was recovered from the Oxfordian Weymouth Member of the Upper 
Oxford Clay Formation at St Ives, Cambridgeshire (Edmonds and Dinham, 1965; 
Cope, 2006; Martill and Etches, 2013). Lydekker (1890) described the specimen as 
consisting of a partial synsacrum, a broken proximal and distal femur, seven 
vertebrae, a possible tibia shaft and two unidentified fragments. It was identified as 
a pterosaur on the basis of its thin-walled, hollow long bones, procoelous centra on 
the vertebrae and the obliteration of the “neuro-central” suture between the neural 
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arches and centra of the vertebrae. Lydekker (1890) placed it in Rhamphorhynchus 
due to its synsacrum containing 4 sacral ribs and two cervical vertebrae with lateral 
rib facets being absent in Pterodactylus. Lydekker (1890) noted that R. jessoni was 
similar to the slightly larger species Rhamphorhynchus gemmingi Meyer, 1846 but 
despite this, he felt that NHMUK PV R 1755 being recovered from the older Oxford 
Clay Formation warranted placement in a new chronospecies. R. jessoni 
subsequently received little further attention with only a handful of brief published 
mentions (Bennett, 1995; Benton and Spencer 1995; Martill and Etches 2013; Steel, 
2012). R. jessoni, the only named pterosaur specimen from the Oxford Clay 
Formation, is poorly defined and thus requires redescribing.  
 
7.3.1. Description 
NHMUK PV R 1755 (Plate 5) is an association of around 19 small pterosaur bones, 
with only a few retaining the surrounding clay matrix. Two blocks of matrix contain 
several long bones and vertebrae. As noted by Lydekker (1890) several of the long 
bones contain pyrite invasions common in Oxford Clay vertebrates (Martill 1985). 
The preservation of NHMUK PV R 1755 is variable, with some elements showing 
minor surface wear and others sharp breaks (see below). 
 
Vertebrae: There are at least 9 vertebrae present in NHMUK PV R 1755. Lydekker  
(1890) described some but others went unmentioned. NHMUK PV R 1755 includes 
a complete vertebra articulated with a fragment of its neighbour (Plate 5, Fig. j). It is 
approximately 6 mm long and given its elongate morphology, it is identified as a 
caudal vertebrae lacking fused zygapophyses or neural arch. A single dorsal 
vertebra (Plate 5, fig. f) is preserved with a similar structure to dorsal vertebra 6 as 
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figured in Wellnhofer (1991). It is 2 mm long with a 2 mm centrum and 2.4 mm neural 
arch. The neural spine rises 3.4 mm above the rest of the vertebra. The transverse 
processes are preserved but are broken close to the vertebral body. Two associated 
vertebrae are contained within a small piece of matrix (Plate 5, Fig. k) between 7-9 
mm long. Lydekker (1890) identified these as cervical centra lacking the neural 
arches, due to their well-developed lateral rib facets. This block also contains 
several other fragments including fragmentary and indeterminate long bones. Two 
associated vertebrae are contained in a second block alongside other fragmentary 
remains (Plate 5, Fig. a). Both vertebrae are approximately 4 mm long with 
posteriorly inclined lateral processes. These are similar to the anterior caudal 
vertebrae figured by Wellnhofer (1978) and Bonde (2003). Two broken but fused 
vertebrae forming a 4 mm long central association (Plate 5, Fig. c) has well 
developed lateral processes positioned towards the posterior half of the centrum. 
These may be anterior sacral vertebrae (Wellnhofer, 1991; Bennett, 2001). Another 
vertebra with a centrum 7.5mm long (Plate 5 (fig. m), associated with a small 
fragment of its neighbour. This vertebra remains indeterminate due to the lack of 
diagnostic features, although the length of the centrum suggests it is a thoracic or 
lumbar element. 
 
Sternum: NHMUK PV R 1755 includes a partial sternum (Plate 5, Fig. b) that is 5  
mm long anteroposteriorly and 4 mm wide laterally. The lateral margins are fractured 
and irregular. A prominent medial keel extends along the centre of the sternum with 
a triangular sulcus at the anterior termination. No cristospine is preserved but the 
sulcus is positioned where the posterior cristospine would locate on the sternum.  
 
 170 
 
Synsacrum: The left and right acetabular sections of the both ilia are present in 
NHMUK PV R 1755 (Plate 5, figs. n and o). The left fragment is 12 mm long and 7 
mm wide with a 5 mm wide acetabulum. The right fragment is 10 mm long, 7 mm 
wide with an incomplete acetabulum 4 mm in diameter. Each fragment preserves 
three partial sacral processes which are strongly anteriorly angled. The most 
anterior process is angled at close to 90° relative the ilium. The number of processes 
suggests the sacrum comprises 3-4 sacral vertebrae.  
 
Appendicular elements: NHMUK PV R 1755 includes parts of three long bones (1 
proximal femur and 2 distal femora: Plate 5, Figs. h, l and p). The proximal left femur 
is broken 12.8 mm below the greater trochanter. It has undergone some heavy 
surface wear proximally, with a large amount of the bone wall missing. The femoral 
head is 4.3 mm long and angled at 132° relative to the diaphysis. The femoral neck 
is 2.9 mm and the caput is 4.4 mm wide, both proximodistally. An irregular broad, 
pale coloured portion of the bone may correspond with the intertrochanteric line. 
There is a linear discolouration on the posterior side close to the diaphyseal break 
which may correspond with the proximal end of the linea aspera but the proximal 
extensions are difficult to identify.  In distal view the break exposes the thin bone 
wall common to pterosaur limb bones. The two distal femora both have very well 
preserved linea aspera with clear attachments for vasto laterous and v. medius.  
They can be identified as right and left as the distal femur is more expanded dorsally 
than ventrally with the lateral condyle being more prominent than the medial condyle 
(Bennett, 2001). Both distal femora have similar dimensions, being 12 mm long with 
diaphysis 3 mm wide and distal condyles 5mm wide. Both have irregular margins 
on their medial condyles. The minimum length of the left femur is 24.8 mm. Lydekker 
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(1890) mentions a fragmentary long bone which may be a tibia. The fragment is 14 
mm long with a 2 mm wide diaphysis. It has a round cross-section and has 
undergone some collapse at one end. The bone is smooth and lacks identifying 
characters however the round cross-section and slight thinning of the shaft do 
suggest it may be a tibia.   
 
Indeterminate material: NHMUK PV R 1755 includes 6 bones which are currently 
indeterminate. These are poorly preserved and considered indeterminate. (Plate 5, 
Figs. d, e, q, r, s and t)  
 
7.3.2. Diagnosis 
Given its fragmentary nature, NHMUK PV R 1755 is difficult to compare with other 
pterosaurs. The angle of the femoral head (132°) falls within degree of overlap 
between the femoral heads of pterodactyloids and non-pterodactyloids (Wellnhofer, 
1978; Wellnhofer, 1991). While basal monofenestratans can have small rib facts 
(Wang et al., 2009; Lu et al., 2010; Wang et al., 2010), well developed rib facets are 
limited to non-monofenestratans (Wellnhofer, 1975; Wild, 1978; Howse, 1986). The 
caudal vertebra being elongate and the cervical vertebrae being relatively squat are 
characteristics of basal pterosaurs vertebrae (Howse, 1986). The low number of 
transverse processes in the synsacrum is typical of non-pterodactyloid pterosaurs 
(Unwin 2003). The absence of neural arches on the caudal vertebrae and a 
cristospine fused to the sternum, combined with its small size, identify NHMUK PV 
R 1755 as an immature individual.  
 
The combination of vertebral and sacral characters identifies NHMUK PV R 1755  
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as a basal non-monofenestratan, however it lacks characters to identify it to either 
family or genus level. The name R. jessoni is considered a nomen dubium due to 
its erection based on non-diagnostic material.  
 
7.4.     Oxford Clay Formation pterosaurs in the Oxford University Museum 
Phillips (1871, Pl. 12, figs 29-33) figures two pterosaurs from the Oxford Clay 
Formation accessioned in the OUM (Fig. 7.4). OUM J.28533 is a femur missing its 
proximal and OUM J.28534 is a left pterosaur WP1 missing its distal end. Phillips 
(1871) identifies both specimens as Rhamphorhynchus (Rhamphocephalus) 
bucklandi from the Bathonian Taynton Limestone Formation, a genus identified in 
this thesis as nomen dubium (see Chapter 5).  
 
7.4.1. OUM J.28533. 
OUM J.28533 is a 33 mm long femur with a distal end 8 mm wide dorsoventrally. It 
has been mounted onto card such that only the posterior side is exposed. The distal  
condyles are more strongly expanded on the right, identifying it as a right femur. The 
thinness of the bone wall confidently places OUM J.28533 in Pterosauria but the 
thinness of the bone wall confidently places OUM J.28533 in Pterosauria but the 
lack of a femoral head, itself only slightly diagnostic of higher taxonomic levels. 
 
7.4.2. OUM J.28534. 
OUM J.28534 is a 49 mm long WP1. It was previously broken into three pieces 
which have since been repaired. As with OUM J.28533, it has been mounted on a 
piece of card such that only the dorsal view is visible. The diaphysis has a 
subtriangular cross section and it may have a posterior longitudinal groove, it is  
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Fig. 7.4 – (a) OUM J.28533, right femur in posterior view. (b) OUM J.67270, a distal left humerus 
in (i) ventral, (ii) dorsal and (iii) distal views. (c) OUM J.28534, a first wing phalanx in dorsal 
view. Abbreviations – ap, anterior process; cap, capitulum; dc, dorsal cotyle; ect, 
ectepicondyle; ent, entepicondyle; lcon, lateral condyle; mcon, medial condyle; pf, pneumatic 
foramen; popo, posterior process; tro, trochlea. Scale = 10 mm.  
 
difficult to identify in hand. If present, this groove identifies OUM J.28534 as a 
rhamphorhynchine. Given the difficulty in confirming its presence, OUM J.28534 is 
identified as c.f. Rhamphorhynchinae.  
 
7.4.3. OUM J.67270. 
A third Oxford Clay pterosaur was accessioned to the OUM in 1996 (Fig. 7.4). This 
relatively recent acquisition, OUM J.67270, is the distal articulation of a long bone 
from the Weymouth Member of the Oxford Clay Formation in Purton, Swindon. It is 
11 mm proximodistally and 16 mm anteroposteriorly. The distal surface has well 
developed articulatory surfaces, most likely a capitulum and a trochlea, identifying 
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it as a distal humerus. The distal articulation is expanded in ventral view into a small 
triangular process on the right side as is typical of a left distal humerus. 
Unfortunately, this morphology lacks taxonomic signals, leading OUM J.67270 to be 
identified as Pterosauria indet. 
 
7.5.     Pterosaur diversity in the Oxford Clay Formation 
The Oxford Clay Formation has the lowest taxonomic diversity of all pterosaur 
bearing units in the British Jurassic. Currently, only the Rhamphorhynchinae are 
unambiguously present based on several wing phalanges held in the NHMUK and 
the OUM. Other pterosaur material is either most probably rhamphorhynchine or 
unidentifiable. The species R. jessoni does not stand up to taxonomic scrutiny and 
is considered a nomen dubium, making the Oxford Clay the only British pterosaur-
bearing formation without a valid taxon. The Oxford Clay is also the least productive 
Middle-Upper Jurassic pterosaur-bearing formation in the UK with only 7 pterosaur 
specimens accessioned between the NHMUK and OUM. This is despite the Oxford 
Clay being an excellent source of other vertebrate fossils. In the last 200 years the 
Oxford Clay has produced hundreds of vertebrate fossils including fish, 
crocodylomorphs, ichthyosaurs, plesiosaurs and dinosaurs (Martill, 1991). 
Pterosaurs make up only 1% of Oxford Clay vertebrate remains (Martill 1988). There 
are two probable factors at work here: taphonomy and the proximity to shore. 
Pterosaur bones are far more fragile than those of other Oxford Clay Formation 
reptiles (Goswami, 2002; Witton, 2013) and have a much lower preservation 
potential. Pterosaur remains are therefore less likely to survive transport into a 
marine environment (Martill, 1988) and more susceptible to either scavenging by 
aquatic organisms or post-depositional processes. Secondly the Oxford Clay 
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Formation was deposited in an epeiric sea with a projected depth between 100-300 
m (Sinninghe-Damsté and Schouten, 2006) and deposited around 100 km from the 
nearest land (Martill, 1985; 1988). Studies into marine bird diversity shows that the 
at-sea density can be as low as 1/km2 (Garðarsson, 2009; Camphuysen, 2011; 
Harris and Wanless, 2011), in comparison to several thousand in nesting colonies 
(Anker-Nilssen, T. & Lorentsen, 1990; Garðarsson, 2009). It is probable that marine 
pterosaurs such as rhamphorhynchines showed similar population at-sea density 
patterns. Therefore, the lack of pterosaurs in the Oxford Clay Formation may be 
explained by the low number of pterosaurs living and dying in the depositional 
environment. Ultimately the Oxford Clay Formation is currently the least informative 
British pterosaur bearing unit. Its significance is that the Oxford Clay Formation 
confirms the continued presence of pterosaurs within the British Middle-Upper 
Jurassic transition. It is probable that there are pterosaur fossils within the Oxford 
Clay yet to be discovered which may be revealed through continued research into 
this highly fossiliferous unit.  
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Chapter 8: Pterosaurs of the Kimmeridge Clay Formation. 
 
8.1.     Introduction  
The Kimmeridge Clay Formation is an Oxfordian-Tithonian organic rich mudstone 
which outcrops in several areas across Southern England, with other more sporadic 
outcrops in the English midlands and Scotland (see Chapter 2). As with the Oxford 
Clay, it is highly productive in terms of vertebrate fossils with numerous examples 
of marine and terrestrial reptiles (Bennett and Spencer, 1995). The Kimmeridge Clay 
Formation is the most productive Upper Jurassic unit with regards to pterosaur 
fossils, although they still make up only a relatively small percentage of the total 
vertebrate assemblage (Benton and Spencer, 1995) productive with regards to 
pterosaur fossils. At least 119 specimens have been accessioned at the NHMUK 
London and the MJML in Kimmeridge, Dorset (see Appendix 2-5 for a complete list 
of specimens). As with many Jurassic pterosaur collections this assemblage is 
understudied with few published descriptions (see Section 8.2). Given the number 
of specimens and their quality of preservation, the Kimmeridge Clay Formation is 
well suited for a pterosaur diversity analysis.  
 
8.2.     History of Kimmeridge Clay Formation pterosaur research 
The first Kimmeridge Clay pterosaurs were described by Owen (1874) who 
discussed two partial humeri (Fig. 8.1) from Dorset. He identified both as 
Pterodactylus as was the common practice of the day and placed each into a new 
species, Pterodactylus manseli Owen, 1874 and Pterodactylus pleydelli Owen, 
1874. He briefly compared both humeri to other Pterodactylus species named in the 
same volume from the Lias (Lower Jurassic) and the Taynton Limestone  
 177 
 
(Middle Jurassic) formations, differentiating them based on size and the position of 
the articular surfaces, but provides no justification in erecting two distinct species 
within the same formation. At the same time, he described several partial wing 
phalanges (Fig. 8.1) which he placed in Pt. manseli or Pt. pleydelli based on 
perceived differences in the proximal articulation (Martill and O’Sullivan in press).  
These specimens were included in Damon’s (1884) overview of the geology and 
palaeontology of Dorset. 
 
 
Fig. 8.1. Humeri and phalanges assigned to (a) Pterodactylus manseli and (b) Pterodactylus 
pleydelli from the Kimmeridge Clay of Dorset. Modified from Owen (1874; plate 19; figs 10, 11, 
15, 176, 21 and 23). Not to scale. 
 
Lydekker (1888) referred to these humeri in his catalogue of the reptile collections 
of the NHMUK. Following this Lydekker (1891) described several pterosaurs from 
the Kimmeridge Clay Formation of Dorset including two quadrates with similar 
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morphologies but markedly different sizes (Fig. 8.2) He considered these quadrates 
pterosaurian based on the condylar morphology and assigned the larger specimen 
to the French species Pterodactylus suprajurensis Sauvage, 1873 and the smaller 
to Pt. manseli. He argued that based on size, the British Kimmeridgian taxa could 
not be assigned to Pterodactylus and recommended all be reassigned to 
Rhamphorhynchus. The quadrates described by Lydekker (1891) are in fact only 
superficially similar to pterosaur quadrates and more strongly correspond to the 
quadrates of coelacanths (Forey, 1997).  
 
 
Fig. 8.2. Isolated coelacanth quadrates from the Kimmeridgian of Dorset assigned to (a) 
Rhamphorhynchus suprajurensis and (b) Rhamphorhynchus (Pterodactylus) manseli by 
Owen (1874). Modified from Lydekker (1891; plate 5, figs 3 and 4). 
 
Unwin (1988a) described an association of pterosaur vertebrae and appendicular 
elements which he tentatively assigned to Germanodactylus Young, 1964 based on  
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cervical morphology, the lack of an extensor tendon process on wing phalanx (WP) 
1 and the relative proportions of elements, which Unwin (1988a) states are unique 
in Germanodactylus. Etches and Clark (2010) figure a number of pterosaur 
appendicular elements which they identify as Rhamphorhynchus. Arguably the most 
significant publication with regard to Kimmeridgian pterosaur diversity and 
biogeography was Martill and Etches (2013). The authors described a near 
complete monofenestratan skull belonging to the new taxon Cuspicephalus scarfi. 
At the time it was suggested to be related to the Chinese wukongopterid 
Darwinopterus but the difficulty in identifying isolated wukongopterid remains 
prevented an unambiguous assignment. Witton et al. (2015) re-examined the skull 
and provided a character combination they argued provided support for C. scarfi 
being a wukongopterid. Not only did this provide new data on the size ranges of 
wukongopterids (Cuspicephalus is considerably larger than other genera) but 
offered the first supportable evidence that wukongopterids were both pan-Eurasian 
and survived into the Late Jurassic. 
 
Of the taxa named from the Kimmeridge Clay Formation, only Cuspicephalus was 
not re-described for this thesis as it is considered the best supported. Currently the 
British Kimmeridgian pterosaur collection is primarily held in two institutions. The 
Museum of Jurassic Marine Life (MJML) in Kimmeridge, Dorset houses the 
collection of Mr. Steve Etches, a long time fossil collector and preparator. The 
NHMUK collection in London houses numerous small Kimmeridgian pterosaur 
remains including the only material described in the 1800s.  
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8.3.     MJML-K1597, the most conclusive evidence for Rhamphorhynchus in 
the U.K.  
 
 
Fig. 8.3. Rhamphorhynchus etchesi sp. nov. MJML K-1598. Associated right and left wing 
elements from the Kimmeridge Clay Formation of Kimmeridge, Dorset. Abbreviations - h, 
humerus; mciv, metacarpal IV; r, radius; se, sesamoid; sc, scapulocoracoid; sy, syncarpal; u, 
ulna; wpi-iv, wing phalanx I-IV. Scale = 50 mm. 
 
As previously highlighted, numerous U.K. pterosaur specimens have been assigned 
to Rhamphorhynchus in the last two centuries. The vast majority of these taxonomic 
placements have been poorly supported and do not stand up to scrutiny (Bennett, 
1995). However, a recent discovery, (MJML K-1597, see Fig. 8.3; O’Sullivan, and 
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Martill, 2015), is not only identifiable as Rhamphorhynchus but as a potential new 
species.  
 
8.3.1. Non-German pterosaurs previously identified as 
Rhamphorhynchus 
Fossils referred to Rhamphorhynchus have been found in Africa, Portugal, Asia and 
the United Kingdom (Bennett, 1995; Jain, 1974; Barrett et al., 2008). The Late 
Jurassic Tendaguru Formation of Mtwara, Tanzania has yielded several 
indeterminate pterosaur specimens (Janensch, 1914; Parkinson, 1930; Unwin and 
Heinrich 1999), including an incomplete distal right radius and ulna (MB.R. 2845) 
identified as a new species, Rhamphorhynchus tendagurensis Reck (1931). This 
specimen was re-evaluated by Unwin and Heinrich (1999) who concluded that while 
the bones could be identified as a non-pterodactyloid based on the morphology of 
the distal articulation of the radius and ulna, it differed from the condition seen in 
Rhamphorhynchus and lacks diagnostic features of the genus.  They concluded it 
was an indeterminate non-pterodactyloid and treated R. tendagurensis as a nomen 
dubium. Jain (1974) described a partial jaw he identified as a new species, of 
Campylognathoides indicus Jain, 1974 from the Kota Formation of the Chanda 
district, India. Barrett et al. (2008) refer the specimen to Rhamphorhynchus sp. while 
Padian (2008b) considers it to be a fish. Colbert (1969) discussed an anonymous 
account of possible Rhamphorhynchus material from “Soviet Asia” without revealing 
the nature of the remains. Thulborn (1973) and Malafaia et al. (2010) figure 
pterosaur teeth from Pombal, Portugal which are similar to those of 
Rhamphorhynchus but due to no definitive characters identified in the text are  
considered Pterosauria indet.   
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The United Kingdom is numerically more productive than the rest of Europe for 
Jurassic pterosaurs and as discussed in the preceding chapters, several specimens 
have been referred to Rhamphorhynchus in the last 200 years. Previously no 
specimen from the UK could be unambiguously identified as Rhamphorhynchus, in 
part due to the isolated nature of much of the material. MJML K-1597 is unique in 
the UK as it is an association of bones from a pair of wings which details the 
complete morphology of the forearm.  
 
8.3.2. Locality and geological setting. 
An association of pterosaur wing elements (MJML K-1597) was recovered from the 
foreshore by Mr Steve Etches from shales of the Pectinatus Zone of the Upper 
Kimmeridge Clay Formation (Ogg, 2004) at Encombe, Dorset in December of 2002 
(National Grid Reference SY 944773, Figs. 8.4 and 8.5). The Pectinatus Zone 
encompasses bed numbers KC46-49 of Wright and Cox (2001). Beds KC46-49 
consists of organic-rich finely laminated mudstones, interbedded with both fissile 
and bituminous mudstones, shelly oil shale and coccolith rich laminated limestones 
(Gallois, 2000). The strata are moderately undisturbed with a gentle north easterly 
dip of a degree or two, but fracturing of the mudstone can be heavy in places.  
 
8.3.3. Materials and methods. 
MJML K-1597 is a disarticulated almost complete right pterosaur forelimb with 
associated elements from the left wing. The bones lie in a single plane on a slab of 
hard shale measuring 403 mm x 487 mm. To test the placement of MJML K-1597 
within basal pterosaurs, several bivariate analyses were produced which compare 
the ratios of one bone with that which preceded it. The analyses were performed on  
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the generic level with one exception (see below) and included the following  
 
 
Fig. 8.4. Simplified geological map of the Kimmeridge area showing the distribution of strata 
and where MJML K-1597 was collected from. Modified from Martill and Etches (2013). 
 
material: 54 specimens of Rhamphorhynchus, 17 specimens of Dorygnathus, 6 
specimens of Campylognathoides; 5 specimens of Wukongopteridae 
(Darwinopterus, Wukongopterus Wang et al., 2009, Kunpengopterus Wang et al., 
2010 and Changchengopterus Lü, 2009) and 4 specimens of Scaphognathus. The 
wukongopterids were not divided into individual genera as the taxa are distinguished 
from each other primarily on skull characters which are not relevant to this study. 
The morphometric data was taken from the following sources: Wellnhofer, 1975; 
Padian, 2008a; Padian, 2008b; Lü et al., 2010; Wang et al., 2009; Wang et al., 2010; 
Lü et al., 2011; Bennett, 2014 and Li et al., 2014. The resulting graphs and specimen 
numbers of the included fossils can be found in Appendix 8. Due to some of the 
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reference material lacking measurements and the need to compensate for the 
absolute size-dependency of the data distribution, the data is presented as ratios 
relative to the shortest element in the wing (metacarpal IV, MCIV). The syncarpal is 
excluded from the analyses as its dimensions are not included in the majority of 
sources.  
 
Some confusion currently exists over the content of the Rhamphorhynchidae 
(Rhamphorhynchinae and Scaphognathinae). Kellner (2003) defines 
Rhamphorhynchidae as “all pterosaurs closer to Rhamphorhynchus”, but the 
characters defining the group are interchangeable with the definition of 
Rhamphorhynchus (sensu Bennett 1995). Unwin (2003) provides a more detailed 
diagnosis with distinct characters supporting the clade and its sub-units. Lü et al. 
(2010) finds a more poorly resolved Rhamphorhynchidae but a monophyletic 
Rhamphorhynchinae, though it now includes Cacibupteryx. Andres and Myers 
(2013) present a Rhamphorhynchidae similar to that of Unwin (2003) but which 
excludes Sordes Sharov, 1971 and Parapsicephalus, as well as including 
Cacibupteryx in Rhamphorhynchinae. Bennett (2014) suggests that one of the best-
known rhamphorhynchine taxa, Dorygnathus, may be a scaphognathine. Presently 
the phylogeny of basal pterosaurs is more poorly resolved than that of 
monofenestratans. For the purposes of this review Unwin’s (2003) phylogeny is 
adopted here as it is one of the better supported analyses.  
 
8.3.4. Systematic Palaeontology 
Reptilia Laurenti, 1768 
Archosauria Cope, 1869 
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Pterosauria Kaup, 1834 
Rhamphorhynchidae Seeley, 1870 
Rhamphorhynchinae Nopcsa, 1928 
Genus Rhamphorhynchus von Meyer, 1847 
Type species: Pterodactylus longicaudus Münster, 1839 
Type specimen: TM 6924, articulated, near-complete pterosaur skeleton (Münster 
1839, Wellnhofer 1975) 
Revised diagnosis: As defined in Bennett (1995) with the removal of the 6th 
character: First wing phalanx is longest and roughly the length of the skull.  
 
Rhamphorhynchus muensteri von Meyer, 1847 (Goldfuss, 1831; Münster, 1839; 
von Meyer, 1846). 
Holotype: The type of R. muensteri was lost during WWII. A neotype has never been 
erected due to the prevalence of high quality casts of the holotype specimen in 
several institutions (e.g. NHMUK PV R 231). 
Occurrence: Nusplingen Limestone (Late Jurassic, Tithonian, Klug et al., 2005) of 
Württemburg and Solnhofen Limestone (Late Jurassic, Tithonian, Frey et al., 2011) 
of Bavaria, both in Southern Germany. 
Emended diagnosis: As for Rhamphorhynchus with the inclusion of the character - 
first wing phalanx is longest in the wing. 
 
 
Rhamphorhynchus etchesi sp. nov. 
Holotype: MJML K-1597, associated elements from a left and right wing.  
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Fig. 8.5. Stratigraphic column of the Kimmeridge Clay Formation of Encombe, Dorset, United 
Kingdom, showing the levels of Cuspicephalus scarfi (MJML K-1918) and Rhamphorhynchus 
etchesi (MJML K-1597). Modified from Gallois (2004). Scale = 20 m. 
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Occurrence: Kimmeridge Clay Formation (Late Jurassic, Tithonian) of Kimmeridge, 
United Kingdom. 
Etymology: Species name etchesi in honor of Mr. Steve Etches, one of the most 
prolific Jurassic fossil collectors in England and collections manager of the MJML. 
 
Diagnosis: MJML K-1597 is identified as Rhamphorhynchus on a combination of the 
morphology of its scapulocoracoid and the structure of the wing (see below). It is 
diagnosed as a new species based on the second wing phalanx being the longest 
phalanx in the wing. 
 
Description: 
MJML K-1597 is a partial right pterosaur forelimb with associated left wing elements 
(Fig. 8.3, Table 8.1). The right wing is disarticulated but all elements are in 
association. The bones lie on a slab of Kimmeridge Clay that has been reassembled, 
as evidenced by a large split passing through two of the phalanges close to the 
centre of the rock. All elements are at least partially three-dimensional. The long 
bones are crushed at their epiphyses but maintain three-dimensional diaphyses.  
 
Scapulocoracoid: There is a single three-dimensional right scapulocoracoid on 
MJML K-1597, preserved on the slab (Fig. 8.6). It is exposed in lateral view as 
evidenced by the visible glenoid. Both the coracoid and scapula are complete but 
slightly worn and fractured proximal to the glenoid. The glenoid is fractured but 
mostly whole, although both the supraglenoidal buttress (SGB) and lower glenoidal 
tubercle (LGT) are broken at their tips. The scapula is 40 mm long, 7 mm wide at 
the glenoid, approximately 2 mm wide at its proximal termination and 3 mm wide 
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medially. It is bowed 150° relative to the posterolateral margin of the glenoid. The 
coracoid is 41 mm long, 6 mm wide around the glenoid, 4 mm wide at its proximal 
termination and 3 mm medially. Together the scapula and coracoid form an angle 
of 65-70°, giving the scapulocoracoid a V-shape in lateral view. The 
 
Element mm 
Scapula length 48.7 
Coracoid 50.1 
Glenoid width 9.1 
Humerus length 60 
Humerus shaft width 6-8.5 
DPC width ~10 
DPC length ~10 
Medial process length 4 
Radius 97 
Ulna 97 
MCIV 33 
Syncarpal 10 
WP1 171 
WP2 175, 175 
WP3 163 
WP4 152 
 
Table 8.1. Table of measurements for MJML K-1598. 
 
elements are fully fused and there is no identifiable suture between them. The 
scapula is relatively simple with the exception of the scapular process, a low semi-
circular process synonymous with the posterior process of Eck et al. (2011). It 
extends 5 mm along the length of the scapula, 1 mm in front of it and may be 
homologous to the acromion process found in several other groups (Padian, 1983; 
Nesbitt, 2011). The acrocoracoid process is a rounded sub-trapezoidal process with 
muscle scars, possibly for the insertion of the m. supracoracoideus (Jensen and 
Padian, 1989; Bennett 2003). It extends 5 mm in front of the glenoid, is 7 mm 
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Fig. 8.6. The (a) right scapulocoracoid in lateral view, and (b), the left WP1 in ventral view of 
MJML K-1598. Abbreviations – ap, acrocoracoid process; bt, biceps tubercle; dc, dorsal 
cotyle; etp, extensor tendon process; lgt, lower glenoidal tubercle; plg, posterior longitudinal 
groove; sc, sternocoracoidal joint; sgb, supraglenoidal buttress; scp, scapular process. Scale 
= 25 mm. 
 
wide dorsoventrally at its base and 4 mm wide at its tip. The biceps tubercle is similar 
to the scapular process although it is more robust. It extends 5 mm along the 
coracoid shaft and 1.5 mm below it. The sternocoracoidal joint is a well-developed 
suboval extension of the proximal coracoid. It comprises 4 mm of the proximal 
coracoid and extends 2 mm above its dorsal margin. The glenoid boundaries are 
defined by the SGB and the LGT. It is 13 mm tall with the SGB being 5-6 mm tall 
and the LGT is 7-8 mm tall. Given the preservation, the dorsoventral width of the 
SGB is difficult to determine but the LGT is approximately 4 mm wide and angled 
obliquely relative to the SGB.  
 
Humerus: Only the right humerus (Fig. 8.7) is preserved lying adjacent to the 
scapulocoracoid. It overlies the ulna and is itself overlain by a WP2 (Fig. 8.8). The 
bone is crushed and abraded but otherwise intact. The humerus is 60 mm long with 
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a diaphysis 6 mm wide proximal to the humeral head and 10 mm wide distally. It is 
preserved in ventral view as evidenced by the rugosity visible on the posterior 
medial crest, the slightly dished appearance of the articular surface of the humeral 
caput and the keeled side of the triangular diaphysis facing outwards. The diaphysis 
has a 160° curvature relative to the posterior margin of the humeral head. The 
maximum humeral length/width ratio (based on length divided by the thinnest point 
of the diaphysis) is 10. Despite heavy crushing the entepicondyle, trochlea, 
capitulum and part of the ectepicondyle are all identifiable. The medial crest is a 
triangular process extending 4 mm from the posterior side of the humeral head. The 
deltopectoral crest (DPC) is strongly deflected beneath the proximal margin of the 
humerus. The anterior termination of the DPC is overlain by a WP2, giving the DPC 
a minimum length of 10 mm. It is 10 mm wide proximal to the body of the humerus, 
pinching medially to 7 mm wide before expanding again to 9 mm.  
 
Radius and Ulna: MJML K-1597 preserves an associated radius and ulna towards 
the centre of the slab (Fig. 8.8). The radius is unobscured but the ulna is partially 
covered by a WP2 and the humerus. Both bones are 97 mm long. The radius is 10 
mm wide proximally, 7 mm wide distally and 3 mm wide medially. The ulna is 10 
mm wide distally, around 11 mm wide proximally and 5-7 mm wide medially. Both 
bones have crushed epiphyses with three-dimensional diaphyses. Which wing the 
elements are from is difficult to determine due to the crushing and obscuring of their 
epiphyses, the most diagnostic elements for determining left and right. The distal 
end of the radius is heavily damaged with very little detailed morphology visible. The 
proximal end is similarly crushed but does exhibit an enlarged process extending 
away from the diaphysis giving it a slight L-shaped appearance. At the tip of this 
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Fig. 8.7. The right humerus of MJML K-1597 in ventral view. Abbreviations – cap, capitulum; 
dpc, deltopectoral crest; ect, ectepicondyle; ent, entepicondyle; mc, medial crest; tro, 
trochlea. Scale = 10 mm. 
 
process is a slight rugosity that has not been noted in most other studies on basal 
pterosaurs (e.g. Wellnhofer, 1975; Andres et al., 2010) but is figured by Bennett 
(2001) in his osteological description of Pteranodon where he notes its presence on 
the posterior side of the proximal tubercle. Its presence here suggests the bone is 
a right radius seen in posterior view. The broadest end of the ulna is the proximal 
end (Wellnhofer, 1975; Wellnhofer, 1991; Padian, 2008a) and here this is the 
epiphysis closest to the right humerus. This orientation suggests that it can be 
 192 
 
identified as the right ulna.  
 
 
Fig. 8.8. The (a) right humerus in ventral view, (b) the left WP2 in dorsal view, (c) right ulna in 
ventral view and (d) right radius in posterior view of MJML K-1598. Abbreviations – pr, 
posterior rugosity; prt, proximal tuberosity; vcl, ventral collateral ligament attachment. Scale 
= 20 mm. 
 
Syncarpal and sesamoid: A single fully fused syncarpal is preserved on MJML K-
1597 (Fig. 8.9) that is 10 mm dorsoventrally and 13 mm anterioposteriorly. It is 
identified as a left distal syncarpal in proximal view. The dorsal articular surface has 
an intact, curved and slightly irregular dorsal margin. A well-developed semi-ovate 
cotyle takes up approximately 50% of the visible surface area of the syncarpal. 
There is a prominent ridge extending along its anterior margin with a second, lesser 
ridge separates the dorsal and ventral articular surfaces. This second ridge is broad 
and sigmoidal throughout its dorsoventral length. Near the dorsal termination of the 
ridge there is an irregular surface which may correspond to the fovea figured by 
Bennett (2001) for Pteranodon. A possible articulation for the preaxial carpal is seen 
on the anterior margin but as previously mentioned, it is unclear if this is the total 
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Fig. 8.9. The (a) left distal syncarpal in proximal view and (b) the isolated sesamoid of MJML 
K-1598. Abbreviations – das, dorsal articular surface; fov, fovea; pca, preaxial carpal 
articulation; r, ridge. Scale = 5 mm. 
 
articular surface or if it is partially obscured. There is a single indeterminate 
sesamoid preserved in proximity to the WP3 (Figs. 3 and 7). This bone is strongly 
ovoid and has a slightly rugose surface texture. Unfortunately, there is little 
information to identify it. It is similar to Sesamoid B as figured by Bennett (2001) but 
here is considered indeterminate. 
 
Metacarpal IV: There is a single MCIV preserved (Fig. 8.10) near the WP3 and WP4. 
It is 33 mm long, 9 mm wide proximally, 14 mm wide distally and 8 mm wide medially. 
The diaphysis is cracked and damaged in places but is otherwise in good condition. 
There is a sub-rectangular dorsal process lying against the matrix which is possibly 
a fragment of the crista metacarpi flipped up, which when combined with the distal 
condyles extending into the matrix as a right MCIV in anterior view. 
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The proximal margin of the MCIV is divided into three regions. The dorsal tuberosity 
is a sub-triangular process which defines the proximodorsal margin of the 
articulation. The medial tuberosity is sub-rectangular and fully three-dimensional 
with a dished anterior surface. The ventral crest is sub-triangular but it is rounder 
and wider than the dorsal tuberosity with a ventral margin that gently curls anteriorly. 
The entire proximal section of the MCIV shows well developed muscle scars, 
particularly along the ventral crest. In the centre of the diaphysis, there is a small 
 
 
Fig. 8.10. The right metacarpal IV of MJML K-1597 in anterior view. Abbreviations - cm, crista 
metacarpi; dcd, dorsal condyle; dt, dorsal tuberosity; gs, ginglymoid sulcus; mca, metacarpal 
1–3 attachment; mt, medial tuberosity; vc, ventral condyle; vcr, ventral crest. Scale = 10 mm. 
 
process positioned just dorsal to the centre of the diaphysis. It is 3 mm long and 1 
mm deep. The identification of this process is indeterminate but it may have been 
an attachment point for metacarpals I-III or the intermetacarpal ligaments (Bennett 
2008). The distal articulation is formed by a robust bicondylar ginglymus. The 
condyles are separated by a broad sulcus, approximately 4 mm wide and with a 
scarred surface. The dorsal condyle is 7 mm long and 2.5 mm deep. The ventral 
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condyle is approximately 9 mm long and 3 mm deep. It has a semi-circular ventral 
margin absent in the dorsal condyle and is overall more robust. 
 
Wing Phalanges: There are five phalanges preserved on MJML K-1597 which have 
undergone varying degrees of crushing and compaction. The WP2 (Fig. 8.8) 
positioned near the centre of the slab is missing approximately half its length but its 
distal end is preserved as an external mould. Several of the phalanges have a  
 
 
Fig. 8.11. The (a) right WP2 (b) right WP3 and (c) right WP4 of MJML K-1597, all in ventral view. 
Abbreviations – plg, posterior longitudinal groove; ru, rugosity. Scale = 20 mm. 
 
longitudinal groove (Figs. 8.8 and 8.11) extending along the posterior margin of 
those figured by Bennett (2001) and Andres et al. (2010) for Pteranodon longiceps 
Marsh, 1876 and Sericipterus), which identifies it as a left WP1. The WP2 at the top 
of the slab (as figured in Fig. 8.11) has a rugose surface on the distal epiphysis and 
a similar but less well developed rugosity on the proximal epiphysis. According to 
Bennett (2001), these rugosities are attachment points for the collateral ligament 
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and are more strongly developed on the ventral side. This, combined with the visible 
posterior groove, identify it as a right WP2 in a ventral view and the broken WP2 is 
from the left wing. Only one WP3 is preserved on MJML K-1597 (Fig. 8.11). It is 
identified as a right WP3 in ventral view through the position of the posterior groove. 
The isolated WP4 (Fig. 8.11) is identified as a right phalanx based on the prominent 
posterior groove and the raised cross-section to the shaft. The WP1 is 171 mm long, 
18 mm wide proximally, 15 mm wide distally and 8 mm wide medially. It has a sub-
rectangular extensor tendon process which is approximately 8 mm long 
proximodistally and 7 mm wide anteroposteriorly. It forms the anterior margin of the 
dorsal and ventral cotyles, making up around 50% of the latter. There is a triangular 
prominence on both the proximal and distal epiphyses.  The proximal prominence 
forms the posterior margin of the cotyle and the distal prominence forms the 
posterior half of the articulation with the subsequent phalanx. Both of prominences 
are quite broad in comparison to the other phalanges and extend a short distance 
towards the midpoint of the diaphysis. Both WP2 are 175 mm long, 21 mm wide 
proximally, 14 mm distally and 8 mm wide medially. There is a well-developed 
triangular prominence on the posterior margins of both proximal and distal ends. 
The proximal prominence is thin and curves towards the articulation. Both elements 
can be identified as WP2 due to their somewhat deep cotyle with its sigmoidal 
proximal and well developed posterior “lip” formed by the curving triangular 
prominence and the relatively straight distal articulation with its rounded anterior 
margin. The single WP3 preserved in MJML K-1597 is 163 mm long, 12 mm wide 
proximally, 9 mm wide distally and 7 mm wide at their midpoint. The diaphysis shows 
the same mode of collapse as the left WP2, indicating the presence of a posterior 
groove. There is a triangular posterior prominence at the proximal articulation but 
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unlike the prominence on WP2, the proximal margin is straighter and it has a broader 
distal extension. The distal articulation has an anterior margin which is less well 
developed and more inclined than in WP1 or WP2, giving it a more sloping 
appearance. Towards the distal articulation the diaphysis becomes slightly thinner 
and appears to curve posteriorly. There is a slight fracture at the bend, suggesting 
this may be a taphonomic artefact. WP4 is 152 mm long, 9 mm wide proximally, 1 
mm wide distally and 2 mm wide medially. Its proximal epiphysis is similar to that of 
WP3 but its triangular prominence is shorter and broader. The bone thins steadily 
throughout its length, terminating to a point. Using the data provided in Appendix 6, 
the wingspan is estimated to be 1.7 m. 
 
Ontogeny: All elements of MJML K-1597 are well ossified and fully fused (i.e. the 
scapulocoracoid interface and the distal syncarpal). This combined with the animal’s 
large size suggests that MJML K-1597 represents a mature adult (Bennett, 1995; 
1996; 2001). 
 
8.3.5. Comparisons 
The wing of MJML K-1597 has the typical pterosaur morphology including an 
elongate scapula and coracoid, an enlarged DPC and hyper-elongated fourth digit. 
The glenoid is restricted to the scapula and the MCIV is short, characters common 
to non-pterodactyloid pterosaurs (Wellnhofer, 1978; Lü et al., 2010). The scapula in 
Dimorphodon has a similar curve to its proximal half but smaller glenoidal region 
(Buckland, 1829). The coracoid is shorter and straighter than in MJML K-1597 being 
approximately half the length of the scapula. In MJML K-1597 the coracoid is almost 
the same length as the scapula with a slight curve along its ventral margin. This 
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morphology also distinguishes it from Carniadactylus, Dalla Vecchia, 1995 and 
Campylognathoides, which are distinct from Dimorphodon but with similarly short 
and robust coracoids (Padian, 2008b; Dalla Vecchia, 2009). The scapulocoracoid 
compares well to those seen in more derived pterosaurs such as Dorygnathus, 
NHMUK PV R36634, Sericipterus, Rhamphorhynchus and Darwinopterus. All share 
elongate scapulae and coracoids although details of the morphology can vary. 
Dorygnathus, Darwinopterus and NHMUK PV R36634 all possess straighter 
coracoid diaphyses (Padian 2008a, see Chapter 3). NHMUK PV R36634 also has 
a much larger biceps tubercle. The coracoid of Sericipterus is very similar to MJML 
K-1597 but the scapula is more posteriorly inclined (Andres et al., 2010). The overall 
morphology is most similar to that of Rhamphorhynchus, with its elongate coracoid 
and slightly inclined scapula (Wellnhofer, 1975; Wellnhofer, 1991; Witton, 2013). 
 
The humerus of MJML K-1597 is arguably the most informative element of the wing. 
With a length/width ratio of 10, it falls within the range of several non-pterodactyloid 
pterosaurs including Dimorphodon, Anurognathus, Eudimorphodon, 
Campylognathoides, Dorygnathus, and Rhamphorhynchus (O’Sullivan et al., 2013). 
In the majority of non-pterodactyloid pterosaurs (e.g. Buckland, 1829; Wellnhofer, 
1978; Wild, 1978; Padian, 2008b; Lü et al., 2009; Bennett, 2014), the   DPC is 
positioned close to the proximal humeral margin whereas in MJML K-1597 it is 
deflected away from the head. Dorygnathus (Padian, 2008a), NHMUK PV R 36634 
(see Chapter 3), Sericipterus (Andres et al., 2010), Nesodactylus, Bellubrunnus 
Hone et al., 2012, Qinglongopterus (Lü et al., 2012) and Rhamphorhynchus 
(Wellnhofer, 1975; Wellnhofer, 1991) all have distally deflected DPCs with the 
amount of deflection being highly variable. The deflection in MJML K-1597 is similar 
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to Nesodactylus and the Zittel Wing specimen of Rhamphorhynchus (Zittel, 1882) 
but the Zittel Wing, NHMUK 47002 and MJML K-1597 are more strongly deflected 
than in Nesodactylus. Many rhamphorhynchine humeri have constrictions in the 
body of the DPC which in extreme cases can form an axe-like structure (Unwin, 
2003), the development of which is specifically and ontogenetically variable. While 
the anterior DPC is obscured in MJML K-1597 it suggests a similar morphology to 
Nesodactylus and the Zittel Wing (Zittel, 1882). The humeral shaft is more robust 
than that of Nesodactylus but similar to several examples of Rhamphorhynchus 
(Wellnhofer, 1975; Wellnhofer, 1991). 
 
The radius, ulna and MCIV present little in the way of taxonomic information in MJML 
K-1598. The radius/ulna complex is poorly preserved relative to the other elements 
and in this case lacks diagnostic characters. The short, squat MCIV is typical of the 
morphology seen in non-pterodactyloids (Wellnhofer, 1991; Lü et al., 2010) but, in 
part due to the angle of preservation, it is difficult to identify any diagnostic 
characters. It is compares as well to the MCIV of Triassic pterosaurs (Dalla Vecchia 
and Cau, 2014) as it does to those from the Jurassic (Wellnhofer, 1991; Padian, 
2008a; Padian, 2008b). The wing phalanges on the other hand do provide some 
useful information. The posterior margins of several phalanges possess posterior 
longitudinal grooves. Such grooves are common to rhamphorhynchine pterosaurs 
(Wellnhofer 1991, Unwin 2003) and appear to be absent in other groups. Within 
Rhamphorhynchinae, the only pterosaurs which are known from multiple examples 
of complete wings are Dorygnathus and Rhamphorhynchus. In Dorygnathus the 
wingspan is 3-3.3 times the length of the wing digit while in Rhamphorhynchus the 
wingspan is always 2.5-2.8 times the length of the wing digit. The estimated 
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wingspan for MJML K-1597 is 2.5 times the length of the wing digit, consistent with 
the pattern found in Rhamphorhynchus (see Appendix 7). 
 
In order to fully test the identification of MJML K-1597 as an example of 
Rhamphorhynchus, a number of bivariate plots highlighting the ratios of the non-
pterodactyloid wing were generated (see Appendix 7). For the majority of included 
animals, the humerus-MCIV complex is relatively conservative, with little variation 
occurring in the relative proportions. The only significant outliers are BMNHC 
PH000988 (Scaphognathus [Jianchangnathus] robustus, Bennett, 2014; Li et al. 
2014) and all Campylognathoides specimens. BMNHC PH000988 has a relatively 
larger radius/ulna compared to the other specimens while Campylognathoides has 
a relatively larger humerus. MJML K-1597 can be distinguished from both these taxa 
using the morphology of the humerus. In contrast to the forearm, the ratio of the 
wing finger elements appears to be diagnostic with each data clustering into their 
respective genera. In each graph Rhamphorhynchus falls apart from all other taxa 
excepting the morphologically distinct taxon Campylognathoides. In all analyses 
MJML K-1597 consistently falls within the Rhamphorhynchus data range alongside 
the larger examples of the genus e.g. NHMUK 37787 and is identified as an example 
of the genus. 
 
The identification of MJML K-1597 as a Rhamphorhynchus, makes it the first 
pterosaur fossil that can be reliably assigned to the genus outside of Germany.  
There is however a single but significant morphological difference between MJML 
K-1597 and R. muensteri of potential taxonomic significance: the ratio between the 
proximodistal length of WP1 and WP2.  
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 8.3.6. Discussion 
As the second pterosaur genus to be erected, as well as the most numerous non-
pterodactyloid pterosaur known (100 + specimens, Wellnhofer, 1975), the Tithonian 
(~145-152ma) Rhamphorhynchus has a long and complicated taxonomic history. 
While more detailed reviews can be found elsewhere (Wellnhofer, 1975; Bennett, 
1995), the following summary provides an overview of the key points. The first 
specimen of Rhamphorhynchus was a single skull and associated jaw from the 
Solnhofen Limestone, described by Goldfuss (1831). It was described as a new 
species of Ornithocephalus and named Ornithocephalus muensteri (the species 
name has since changed to muensteri according to ICZN Article 32.5.2). Meyer 
(1847), following the description of several more specimens (e.g. Oken, 1819; 
Münster, 1839), recognised its generic distinctiveness and erected the genus 
Rhamphorhynchus. Between Goldfuss’s (1831) description and Wellnhofer’s (1975) 
review of Rhamphorhynchus’ taxonomy, numerous species were erected, with 14 
considered valid in 1975 (Wellnhofer, 1975; Bennett, 1995). Wellnhofer (1975) 
produced a detailed analysis of Rhamphorhynchus, describing many aspects of the 
animal including its taxonomy, osteology and ontogeny. In the process he re-
evaluated the taxonomic status of many of the included species, reducing the 
species count to five: R. muensteri, R. longicaudus Münster, 1839, R. gemmingi 
Meyer, 1846, R. longiceps Woodward, 1902 and R. intermedius Koh, 1938.  These 
species were retained, distinguished from each other based on the degree of fusion 
in the skeleton, maximum size and general morphology. Due to a lack of 
intermediately sized animals, they were not believed to be ontogenetic stages from 
a single species (Wellnhofer, 1975). Using Principal Component Analysis, size-
frequency histograms, bivariate regressions and multivariate analyses, Bennett 
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(1995) argued that the distinctions Wellnhofer (1975) thought represented distinct 
species were in actuality ontogenetic, with the various size groups representing year 
classes (Bennett, 1995; 1996). The lack of size intermediates was suggested to be 
due to the assemblage perhaps representing a record of seasonal mortality in a 
migratory species. Bennett (1995) therefore synonymised all pterosaurs identified 
as Rhamphorhynchus from the Kimmeridgian (152-157 ma), and Tithonian (157-
145 ma) limestones of Germany into R. muensteri. Outside of Germany, several 
species of Rhamphorhynchus have been erected which Bennett (1995) did not 
examine in detail as he considered them beyond the scope of his analysis. The 
preceding overview highlights the complex history of the genus Rhamphorhynchus 
and shows that it has been subject to significant taxonomic debate over the past two 
centuries. With this in mind, the subtle difference between MJML K-1597 and R. 
muensteri can be considered.  
 
As described above, WP1 in MJML K-1597 is 171 mm long and WP2 175 mm long.  
This makes the ratio of WP1 divided by WP2 below 1 (WP1 96% the length of WP2). 
This difference is small enough that it does not register on any of the bivariates 
however this study used data from 54 specimens of R. muensteri, representing all 
known age ranges. Within this dataset there are no cases of the WP1 being shorter 
than the WP2. In a few specimens the bones are sub-equal in length (WP1 100-
105% the length of WP2) but in the majority of cases (n = 50) WP1 is 110-130% the 
length of WP2. This ratio has previously been used as a part of the diagnosis for R. 
muensteri (Bennett, 1995). This precedence lends some support to using the 
WP1/WP2 ratio in MJML K-1597 as a taxonomic character. In order to test if this 
character reverses through either ontogeny or individual variation, the ratio from 
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several pterodactyloid and non-pterodactyloid taxa was tabulated and compared 
(Table 8.2). With the exception of R. muensteri, Bellubrunnus, Sericipterus (which 
can be distinguished from MJML K-1597 based on its morphology) Peteinosaurus 
(which has a WP1 close to or equal to the length of WP2), Eudimorphodon and the 
highly derived Anurognathids (the phylogenetic placement of which is currently 
debatable; Kellner, 2003; Unwin, 2003; Bennett, 2007; Andres and Myer, 2013; 
Andres et al., 2014), non-pterodactyloid pterosaurs tend to have a WP1 shorter than 
their WP2. In pterodactyloids WP1 is always longer than WP2. As Table 8.2 shows, 
within a single taxon the WP1/WP2 ratio varies through ontogeny but the ratio only 
reverses in Eudimorphodon. While this raises the possibility that the ratio can shift 
ontogenetically in some pterosaurs, no such reversal is found in any other taxon. 
With an estimated wingspan of 1.7m and all elements of the wing fully fused, MJML 
K-1597 is an adult animal of comparable size to the largest mature R. muensteri. 
The ontogenetic maturity and lack of ratio reversals in the 54 Rhamphorhynchus 
included in this study suggests that the ratio between WP1 and WP2 can be used 
as a diagnostic character in the case of most pterosaurs. While the difference in 
length in WP1 and WP2 in MJML K-1597 is merely 4% (WP1/WP2 = 0.96363), it 
appears to be a distinct difference between MJML K-1597 and all other specimens 
of Rhamphorhynchus assigned to R. muensteri. 
 
However, one potential issue with using the wing to identify MJML K-1597 as  
 
Taxon Specimen number WP1 (mm) WP2 (mm) WP1/WP2 
Preondactylus MFSN 1770 35.5 39 0.91 
Campylognathoides SMNKS? 185 209 0.88 
Eudimorphodon MCSNB 6009 38.5 33 1.13 
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MCSNB 8950 34 35.3 0.96 
MCSNB 1797 14.5 58.2 0.24 
Dorygnathus 
SMNK Nr. 81205 95.2 114.5 0.83 
SMNK Nr. 81206 63.7 71 0.90 
SMNK Nr. 81207 75.3 95.9 0.79 
Rhamphorhynchus 
BSP Munich 1934 I 
36 
50 46 1.09 
Teyler Museum, 
Haarlem 
37 31.8 1.16 
SMF R 4128 114.5 114 1.00 
Meyer 1846 102.5 100 1.03 
SMNKS Nr. 52338 128 103.9 1.23 
SMNKS Nr. 56980 89.5 85.8 1.04 
Bellubrunnus BSP 1993 XVIII 2 27 23 1.17 
Scaphognathus SMNK Nr. 59395 34.9 38.4 0.91 
Arthurdactylus SMNK 1132 Pal 445 402 1.10 
Coloborhynchus SMNK 1132 Pal 620 566 1.10 
Pterodactylus 
10341 19.2 18.9 1.07 
1968 I 95 44 40.5 1.09 
St 18 184 58 58.5 1 
Haopterus IVPP V11726 139.5 119 1.17 
Pterodaustro na 118.7 111.2 1.07 
Germanodactylus 1892 IV I 84 78.5 1.08 
Tapejaridae indet. SMNK 3900 PAL 298 186 1.6 
Sinopterus IVPP 13363 121 89.5 1.4 
Shenzhouopterus HGM 41III 305A 147 100 1.5 
Eoazhdarcho GMN 03 11 002 178 139 1.3 
Haimxipterus GMN 03 11 003 163 127 1.3 
 
Table 8.2. Ratios of WP1/WP2 for several basal and derived pterosaurs, showing that in most 
cases the ratios do not reverse through ontogeny or between related taxa. The only exception 
is Eudimorphodon. More comprehensive data on Rhamphorhynchus, Scaphognathus, 
Campylognathoides and Dorygnathus is included in Appendix 8.  
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Rhamphorhynchus is the recently erected Qinglongopterus and Bellubrunnus, both 
of which are morphologically similar to Rhamphorhynchus and thus raise questions 
about the validity of its diagnosis.   
 
8.3.7. Problematic taxa and their effect on the diagnosis of 
Rhamphorhynchus 
As highlighted by Hone et al. (2012) the recent erection of Bellubrunnus and 
Qinglongopterus, both taxa considered distinct but similar to Rhamphorhynchus, 
may call into question the definition of Rhamphorhynchus as presented above. A 
full re-evaluation of Rhamphorhynchus would require a level of analysis beyond the 
scope of this study; however, in wing construction Qinglongopterus and 
Bellubrunnus are nearly identical to Rhamphorhynchus. Given that R. etchesi is 
defined as a Rhamphorhynchus based on the wing skeletal structure, in order to 
test if MJML K-1597 can be assigned to Rhamphorhynchus as a distinct species, 
the hypothesis that both genera are possibly synonymous with Rhamphorhynchus 
is evaluated. 
 
The Oxfordian pterosaur Qinglongopterus from the Tiaojishan Formation (Lü et al.,  
2012) is defined on three characters: a relatively short skull that forms 28% of 
body length (skull+cervicals+dorsals+sacrals); short, slender pteroid with a knob-
like distal expansion; and a prepubis with a relatively slender distal process. There 
are several problems with the validity of these characters. Lü et al. (2012) state that 
the skull being 28% of the body length is diagnostic as Rhamphorhynchus grows 
isometrically with respect to skull/body length, with a consistent value of 33%, but 
bivariate analyses of the absolute values of Rhamphorhynchus skull/body length 
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(see Appendix 8) contradicts this. These produce results with an R2 value of 0.9826 
(Fig. 8.12), supporting a statistical relationship between Qinglongopterus and 
Rhamphorhynchus in terms of skull/body length. Removing Qinglongopterus from 
the analysis causes the R2 value to rise slightly to 0.9874 but this shift is statistically 
insignificant with regards to the relationship in skull/body length between 
Qinglongopterus and Rhamphorhynchus. Here the skull of Rhamphorhynchus 
shows positive allometry relative to body length, ranging from 30% in juveniles to 
40% in large adults. This value is somewhat more variable in larger animals whose 
skulls can range from 36% to 40% of the body length. Qinglongopterus, the smallest 
animal included in the analysis with a skull 3 mm shorter than the smallest 
Rhamphorhynchus, appears on the graph where a Rhamphorhynchus of similar 
dimensions might be expected to fall. This suggests that rather than being a 
taxonomic character, the low skull/body length percentile is a product of the 
ontogenetic age of the specimen. The second character of the slender distal process 
of the prepubis is also problematic. While the distal process is clearly thinner than 
the anterior process (Lü et al., 2012), this is not unusual. Wellnhofer (1975) figures 
several prepubes which show variable degrees of thickness, including a specimen 
with a broad anterior process and a thin distal process. This character most likely 
varies with either age or sex and is of dubious diagnostic value. The final character, 
that of the thickness of the distal pteroid expansion, is difficult to judge based on the 
figures included in Lü et al. (2012). None of the characters given for Qinglongopterus 
are unambiguous autapomorphies and it is suggested here that Qinglongopterus is 
a junior synonym of Rhamphorhynchus. Lü et al. (2012) note that WP1 is very 
slightly shorter than WP2 in Qinglongopterus (WP1 is 99% the length of WP2). 
Unfortunately, the preservation of the distal epiphysis of the WP1 of 
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Qinglongopterus is quite poor. Given how small the difference is between the 
phalanges (0.3mm), it is more likely that this difference is either a preservational 
artefact or represents the margin of error in the method of measurement 
methodology (Viscardi et. al., 2012).  
 
 
Fig. 8.12. A bivariate analysis of the ratio of skull vs body length in Rhamphorhynchus, 
including Qinglongopterus. The data used in this graph can be found in Appendix 8. Note the 
Qinglongopterus plots in the same spot as would be predicted for a Rhamphorhynchus of 
similar dimensions.   
 
Without access to the specimen to independently confirm the information presented 
by Lü et al. (2012), it is recommended that Qinglongopterus is referred to 
Rhamphorhynchus sp. Regardless of the specific identification, Qinglongopterus 
remains a significant specimen as, like MJML K-1597, it extends the biogeographic 
range of Rhamphorhynchus well beyond Europe.  
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The genus Bellubrunnus is defined by the following characters: 22 or less teeth; a  
long humerus 1.4 times the length of the femur; a femur lacking a femoral neck; no 
elongate caudal chevrons or zygapophyses; and a humerus with a straight shaft. 
Several of these characters are questionable. The majority of specimens of 
Rhamphorhynchus do have humeri less than 1.4 times the femoral length, with 
mature animals approaching but not achieving 1.4 (Hone et al., 2012), however 
exemplar 18 of Wellnhofer (1975) is a ‘flappling’ with a humerus comparable in size 
to Bellubrunnus and a humerus/femur ratio of 1.42. The characters of number of 
teeth, shaft straightness and the lack of a femoral neck are also problematic. While 
there are 21 teeth visible, this is possibly a minimum rather than a maximum number 
and other teeth may be covered by bone or missing from the specimen. Given the 
severely crushed nature of the skull it is difficult to determine using published figures 
if more teeth may have been present. While the femur does lack a distinct femoral 
neck, several specimens figured in Wellnhofer (1975) show that the femoral neck 
may develop with age, again making this a difficult character to use within a 
diagnosis. The straightness of the humeral shaft is also difficult to use taxonomically 
as several rhamphorhynchines (Wellnhofer, 1975; Lü et al., 2012) have diaphyses 
which appear straight and determining the straightness of a crushed specimen can 
be problematic. Ultimately the dubious nature of these features is due to the lack of 
an in-depth study into the ontogenetic development of Rhamphorhynchus. For now, 
it is considered that Bellubrunnus is sufficiently similar to Rhamphorhynchus to be 
considered congeneric based on the current diagnosis for the genus. There are 
however two characters of Bellubrunnus which make it possible it is not conspecific 
with R. muensteri: the lack of elongate caudal supports on the vertebrae and the 
anteriorly curving WP4.  
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The above observations suggest that Bennett’s (1995) diagnosis of 
Rhamphorhynchus can be used to generically identify an associated wing skeleton. 
However, it is important to note that a full revision of Qinglongopterus or 
Bellubrunnus is beyond the scope of this study. Rather, these observations serve to 
highlight that, within the scope of the current diagnosis, Qinglongopterus and 
Bellubrunnus are sufficiently similar to Rhamphorhynchus to be considered junior 
synonyms. Therefore, it is considered here that they should not be treated as having 
an effect upon the diagnosis of MJML K-1598. Ultimately, a detailed re-evaluation 
of Rhamphorhynchus is essential to develop a more robust diagnosis (see below).  
 
8.3.8. Conclusions 
The partial wing skeleton MJML K-1597 is the holotype specimen for the new 
species R. etchesi. Unfortunately, MJML K-1597 is currently the only 
rhamphorhynchine fossil from the Late Jurassic of the UK with an associated WP1 
and WP2. While wing phalanges are the most common pterosaur element from the 
Kimmeridgian of the UK, no other associated WP1/WP2 are known. Many can be 
diagnosed as rhamphorhynchine but further identification is problematic. The 
rhamphorhynchine material from the MJML collection is likely to belong to 
Rhamphorhynchus based on its association with MJML K-1597 but which species 
cannot currently be confirmed. The establishment of R. etchesi highlights the need 
for an in-depth re-evaluation of the taxonomy of R. muensteri. In particular, 
specimens from outside the Solnhofen Limestone Formation (e.g. those collected 
from the Nusplingen Limestone Formation) would benefit from further study. The 
diagnosis of R. muensteri also needs consideration in light of the rapid expansion 
of pterosaur research since the mid-1990s. It is recommended that 
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Rhamphorhynchus be re-evaluated with the goal of providing a more robust 
diagnosis for the genus, which may either permanently separate it from 
Qinglongopterus and Bellubrunnus, or allow the synonymising of both taxa. Like its 
contemporary Scaphognathus (Bennett, 2014), Rhamphorhynchus appears to have 
been far more geographically wide-ranging than merely Europe. With its positive 
identification in the Kimmeridgian of the UK and the potential for its occurrence in 
China, it is likely to have been a cosmopolitan genus across Eurasia, making it one 
of the most widespread Jurassic pterosaur genera known.  
 
8.4.    Non-monofenestratan pterosaurs from the Kimmeridge Clay: pterosaur 
jaws 
Several well preserved mandibles are accessioned in the MJML collection. These 
are primarily three-dimensional jaws exposed in either dorsal or ventral view. Teeth 
are almost always absent but the shape and position of the alveoli is usually 
discernible. As skull material is considered to be the most diagnostic vertebrate 
fossils (Hodges, 2003), these jaws are some of the most informative pterosaur 
remains from the Kimmeridge Clay. 
  
8.4.1. MJML K-1947 
MJML K-1947 (Fig. 8.13) is a near complete pterosaur mandible exposed in both 
dorsal and ventral view. It is 107 mm anteroposteriorly with posterior rami 50 mm 
long. The right ramus is heavily damaged, missing approximately a quarter of its 
total length, and the left ramus is compressed such that the lateral jaw is rotated into 
a dorsoventral view. The mandibular symphysis is 34% of the total jaw length and 
in ventral view develops a keeled prow. At the base of the ventral symphysis there 
 211 
 
is a small sulcus posterior of the point where the two rami meet. In dorsal view MJML 
K-1978 displays seven alveoli pairs, the first of occurs 14 mm posterior to the 
rostrum tip. The anterior-most alveoli are anterolaterally flared, with each successive 
pair becoming less flared. From the fourth alveolar pair onwards, the alveoli become 
more sub-vertical. The alveoli are between 3 and 4 mm wide distomedially with the 
alveolar spacing being wider posteriorly than anteriorly, such that the space 
between the sixth/seventh alveolar pairing being 1-1.5 times the spacing between 
the second/third pairs. There is a single tooth preserved in the 2nd alveolus in the 
left side of the symphysis. It is 4.7 mm long and 1.1 mm wide. The mandibular 
symphysis in tooth-bearing monofenestratans is between 32-61% of the lower jaw 
(Wellnhofer, 1991; Lu et al. 2010; Witton et al., 2015). The majority of dentulous 
monofenestratans have at least ten mandibular tooth pairs which are frequently 
restricted to the anterior half of the jaw (Vidovic and Martill, 2014; Witton et al., 2015). 
The alveoli are dorsally or laterally oriented with dorsolateral flaring being 
uncommon (Wellnhofer, 1978). In MJML K-1947 the symphysis makes up 37% of 
the total jaw length but the rami are shorter than those of a monofenestratan. The 
alveoli extend well past the halfway point of the jaw but are widely spaced with only 
seven alveolar pairs. Therefore, MJML K-1947 compares poorly to monofenestratan 
pterosaurs. MJML K-1597can be distinguished from all basal pterosaurs outside of 
the Rhamphorhynchidae due to its possession of a symphyseal prow and widely 
spaced teeth (Wild, 1978, Padian, 1983; Wild, 1983; Dalla Vecchia, 2002; Fröbisch 
and Fröbisch, 2006; Padian 2008b). In Dorygnathus there is a marked size 
differentiation between the anterior laniaries and medial teeth which is reflected in 
the width of the alveoli. The alveoli of MJML K-1947 indicates that the teeth lacked 
such a distinction. Scaphognathus has only five alveoli in the lower jaw which are 
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more widely spaced than in MJML K-1947 and a comparatively shorter prow 
(Bennett, 2014; Zhou, 2014). Rhamphorhynchus develops a symphyseal prow, 
 
 
Fig. 8.13. Rhamphorhynchus sp. MJML K-1978. A pterosaur mandible exposed in (a) ventral 
and (b) dorsal views from the Upper Kimmeridge Clay of Kimmeridge, Dorset. Scale bar = 10 
mm.  
 
possesses a mandibular symphysis which makes up 35-40% of the jaw length and 
seven mandibular teeth (Wellnhofer, 1975; Wellnhofer, 1991).  
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MJML K-1947 is similar to the lower jaw of Rhamphorhynchus and, due to the 
presence of the genus in the Kimmeridge Clay Formation, is considered congeneric. 
As it lacks any associated phalanges, it cannot be identified to species level and is 
treated as Rhamphorhynchus sp.  
 
8.4.2. MJML K-1783 and MJML K-1235 
MJML K-1783 (Fig. 8.14) is a near-complete but heavily worn pterosaur jaw exposed 
in dorsal view. The mandibular symphysis is missing its anterior termination; the left 
ramus is missing its distal quarter; and the right ramus is missing the section of jaw 
bearing the fifth and sixth alveoli. MJML K-1783 is 94 mm anteroposteriorly, with a 
14 mm prow (26% of the preserved length) and the posterior rami are estimated to 
be 35 mm apart.  It has seven alveolar pairs with a similar morphology to MJML K- 
 
 
Fig. 8.14. Rhamphorhynchus sp. MJML K-1783. A worn pterosaur mandible in dorsal view 
from the Upper Kimmeridge Clay Formation, Kimmeridge Dorset. Scale = 10 mm.  
 
1947, although the anterior alveoli are less anterolaterally flared. Like MJML K-1947 
the alveoli are relatively closely spaced with an increase in spacing posteriorly. 
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MJML K-1235 (Fig. 8.15) is a compressed but complete 98 mm pterosaur jaw 
preserved in dorsal view. It has a large symphysis which makes up 40% of the total 
jaw length. The anterior symphysis is blade like and slightly elevated, suggesting 
the presence of a prow. Due to compression the orientation of MJML K-1235 is 
difficult to determine. While the symphysis being slightly elevated suggests that it is 
exposed in ventral view, there are sub-oval impressions of probable alveoli. 
Approximately three alveoli are preserved on both rami which have a similar 
morphology and position as MJML K-1948.  
 
 
Fig. 8.15. Rhamphorhynchus sp.  MJML K-1235, a complete mandible in dorsal view from the 
Upper Kimmeridge Clay, Kimmeridge, Dorset. Scale = 10 mm. 
 
While both MJML K-1783 and MJML K-1947 have been taphonomically altered, the 
overall morphology compares well with MJML K-1947 and they are considered 
congeneric with Rhamphorhynchus. 
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8.5.     Non-monofenestratan pterosaurs from the Kimmeridge Clay: axial 
material 
Several axial pterosaur fossils have been found within the Kimmeridge Clay 
(Appendix 3). These consist primarily of isolated vertebrae but there is a single 
example of a pelvic girdle (Fig. 8.16). 
 
8.5.1. MJML K-2013  
MJML K-2013 (Fig. 8.16) is a near complete pterosaur sacrum preserved in 
ventral view. It is missing the left preacetabular process and the right puboischiac 
blade. It is 33 mm anteroposteriorly, including the preacetabular processes, and ~30 
mm transversely at its widest point. The vertebral column is complete and contains 
four sacral vertebrae. Each vertebra has a transverse process fused to the 
illium/ischium. These form the anterior and posterior boundaries of the sacral 
fenestrae. The anterior processes are angled 56° posteriorly relative to the centrum 
of the first sacral. The angle in the second set is 73° with both the third and fourth 
sacral processes are sub-horizontal. preacetabular process of the illium extends 13 
mm anterior of the main pelvic body. It expands anteriorly into a blade like structure 
with a vaguely diamond-shaped appearance. Based on the reconstructions of Hyder 
et al. (2011), the preacetabular process is estimated to be at least 55% the length 
of the total illium. The postacetabular processes are shorted than the preacetabular, 
extending slightly posterior to the fourth sacral vertebra, are elongate sub-ovals and 
relative equidimensional.   
 
The pelvis can be identified as a non-pterodactyloid based on the low number of 
sacral vertebrae (Wellnhofer, 1978) and can be distinguished from most basal 
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pterosaurs by the preacetabular process, as none possess a preacetabular process 
that is more than 40% of the length of the illium (Hyder et al., 2011; Lü et al., 2011). 
While Dorygnathus has an elongate preacetabular process, it is less well developed 
then in Rhamphorhynchus, Campylognathoides or MJML K-2013 (Padian, 2008a; 
Lü et al., 2011). At first glance, the preacetabluar process of MJML K-2013 appears 
similar to that of Campylognathoides in the apparent diamond shape of the anterior 
expansion (Wellnhofer, 1991). Closer examination reveals the process of MJML K-
2013 is more strongly rounded, with only a vague approximation of a diamond. 
Campylognathoides has a process with sharply angled margins giving it a much  
 
 
Fig. 8.16. Rhamphorhynchus sp. MJML K-2013.  A partial pelvis in ventral view from the 
Kimmeridge Clay Formation of Kimmeridge, Dorset. Abbreviations – ill: illium; isch: ischium; 
pop: postacetabular process; prep: preacetabular process; pub: pubis; sr: sacral rib; sv: 
sacral vertebra. Scale = 10 mm.  
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sharper appearance (Wellnhofer, 1991). Furthermore, the “points” of 
Campylognathoides are restricted to the anterior face of the preacetabular process 
whereas in MJML K-2013 they are more posteriorly placed. Secondly the transverse 
processes of Campylognathoides are strongly angled posteriorly but have a distinct 
kink in the anterior margin, absent in unlike MJML K-2013. MJML K-2013 compares  
more strongly to the sacrum of Rhamphorhynchus (Wellnhofer, 1975). The anterior 
preacetabular process of both is broad but sub-rounded. The processes of both 
make up at least 55% of the illium and the morphology of the transverse processes 
are similar. These commonalities are such that MJML K-2013 is identifiable as 
Rhamphorhynchus sp.  
 
8.5.2. Vertebrae 
Excluding MJML K-96 (see Section 8.8.1), only one isolated vertebra is contained 
in the MJML collection. MJML K-1242 (Fig. 8.17) is an isolated thoracic vertebra 
with a fused neural arch and spine. It is exposed in left lateral view. The vertebra 
preserves the prezygapophyses, the complete postzygapophyses and the posterior 
centrum. The centrum is ~10 mm anterioposteriorly and 4 mm dorsoventrally with 
the neural arch being 3 mm dorsoventrally. The neural spine is complete and 5 mm 
dorsoventrally. The transverse process is missing on the left lateral side and there 
is clear breakage from where it was removed. The neural spines are positioned 
slightly anterior of midpoint of the neural arch. The prezygapophyses are short 
processes dished on their ventral surface. The postzygapophyses are prominent 
dorsal processes with elevated posterior margins. There is no evidence for a dorsal 
attachment for a notarium. This morphology is similar to the 4th/5th vertebrae of non-
pterodactyloid pterosaurs. MJML K-1242 is therefore identified as being from an  
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indeterminate non-pterodactyloid.  
 
 
Fig. 8.17. A 4th/5th thoracic vertebra in left lateral view. Abbreviations – c: centrum; nc: neural 
canal; ns: neural spine; prz: prezygapophysis; pz: postzygapophysis. Scale = 10 mm.  
 
8.5.3. Teeth 
 
Fig. 8.18. Three isolated rhamphorhynchid teeth, MJML K-612, from the Kimmeridge Clay 
Formation of Kimmeridge, Dorset. Scale = 10 mm.  
Unlike the Taynton Limestone pterosaur assemblage, only a handful of teeth have  
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been accessioned as pterosaur from the Kimmeridge Clay Formation, all held in the 
MJML collections (Fig. 8.18) These teeth are elongate laniaries with apically 
restricted enamel, identifying them as pterosaur with the morphology suggesting 
they are rhamphorhynchid in nature (Wellnhofer, 1975; Padian, 2008a). 
 
8.6.     Non-pterodactyloid and indeterminate appendicular fossils 
Appendicular remains are the most common pterosaur fossil from the Kimmeridge  
Clay. Most of these are undescribed but as discussed above this collection includes 
the holotypes for Pt. manseli and Pt. pleydelli.  
 
8.6.1 Pterodactylus manseli and Pterodactylus pleydelli  
Pt. manseli and Pt. pleydelli are two pterosaur species erected on isolated 
incomplete humeri from the Kimmeridge Clay of Dorset (Owen, 1874). Apart from 
the humeri, both Owen (1874) and Lydekker (1888) placed several unassociated 
appendicular specimens in both species almost at random (see Appendix 4). 
Lydekker (1891) synonymised both taxa with Rhamphorhynchus but maintained the 
individual species names. As the basis of this synonymy involved the 
misidentification of coelacanth quadrates as belonging to a pterosaur (Lydekker, 
1891), both the holotypes are reviewed below. 
 
NHMUK PV R 41970 (Fig. 8.19), the holotype of Pt. manseli is a 29 mm long 
proximal humerus free from any surrounding matrix. The medial process has been 
removed and while the base of the DPC is preserved, it is broken 5 mm along its 
extension. The diaphysis is only preserved proximal to the humeral head. Its 
proximal border is dominated by the broad saddle-shaped scapulocoracoidal  
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articulation which occupies approximately 9 mm of the articulatory surface. In dorsal 
view this “saddle” has a prominent concave lip extending along its proximal margin. 
It can be inferred that the medial process was positioned close to the proximal 
border of the humerus based on the lack of a dip in the proximoposterior humerus. 
The proximal margin of the DPC is strongly deflected below the proximal margin. 
The base of the DPC is 10 mm proximodistally and thins on both sides anteriorly.  
 
 
Fig. 8.19. (a) Pterodactylus manseli NHMUK PV R 41970 in (i) ventral and (ii) dorsal views. (b) 
Pterodactylus pleydelli NHMUK PV R 42378 in (i) ventral and (ii) dorsal views. Both are from 
the Kimmeridge Clay Formation of Dorset. Scale = 10 mm.  
 
As discussed in Chapter 3 the DPC of most pterosaurs are positioned close to the 
proximal articulation. Rhamphorhynchines on the other hand have distally deflected 
DPCs with the amount of deflection varying between taxa (Colbert, 1969; Wellnhofer, 
1975; Padian 2008a) and ontogeny (Wellnhofer, 1975; 1991). The strongest 
deflection, and that most similar to NHMUK PV R 41970, is found in Nesodactylus 
Colbert, 1969 and Rhamphorhynchus. The strong deflection in 41970 is enough to 
identify it as a rhamphorhynchine pterosaur and given its occurrence in the same 
formation as, MJML K-1597 is identified as c.f. Rhamphorhynchus sp. NHMUK PV 
R 42378 (Fig. 8.19) is the type specimen of Pt. pleydelli. It is a distal pterosaur 
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humerus, 25 mm proximodistally and 15 mm anteroposteriorly at its ulnar 
articulation. The diaphysis is round in cross-section and relatively featureless. The 
distal articulation is well preserved and relatively complex. It preserves the trochlea, 
entepicondyle, capitulum and ectepicondyle, the position of which identifies it as a 
distal left humerus. NHMUK PV R 42378 is dissimilar from the humeri of basal 
pterodactyloids, which tend to have round distal articulations (Wellnhofer, 1978). 
Unfortunately, it lacks identifiers unique to Rhamphorhynchus or other basal 
pterosaurs, as depending how it is viewed it can appear similar to several different 
taxa (Wellnhofer, 1978; Wellnhofer, 1991; Unwin, 2003; Padian, 2008a, b). It is 
therefore identified here as non-pterodactyloid indet.  
 
The type specimens of Pt. manseli and Pt. pleydelli lack any autapomorphies of 
Pterodactylus. NHMUK PV R 41970 can be identified as a rhamphorhynchine as 
Lydekker (1891) suggested (although for differing reasons). NHMUK PV R 42378 is 
only identifiable as a non-pterodactyloid. Pt. manseli and Pt. pleydelli are hereby 
considered nomina dubia.  
 
8.6.2. Wing phalanges  
Pterosaur wing phalanges make up a significant part of both the NHMUK and 
MJML Kimmeridge Clay collections and show a large amount of variation.  
 
8.6.2.1. Incomplete wing phalanges 
Incomplete wing phalanges are common in both the MJML and the NHMUK 
collections. There is a stronger bias in the NHMUK collection towards isolated  
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phalangeal articulations, particularly proximal first wing phalanges (Fig. 8.20) 
compared to complete phalanges or isolated diaphyses. A list of phalangeal 
specimens is provided in Appendix 4. The phalanges are uniformly free of matrix 
and most have a longitudinal posterior groove. This groove identifies these 
phalanges as Rhamphorhynchinae (Unwin, 2003; Kellner, 2003). As with NHMUK 
PV R 41970, their formational association allows for a tentative identification as c.f. 
Rhamphorhynchus sp. 
 
 
Fig. 8.20. A selection of isolated proximal Kimmeridge Clay Formation WP1s from the MJML 
and NHMUK collections. (a) NHMUK PV R 42375; (b) NHMUK PV R 42374; (c) MJML K-235; (d) 
NHMUK R 1775; (e) MJML K-238. Scale = 10 mm.  
 
Both the NHMUK and the MJML contain several more complete but still broken wing 
phalanges larger than those in Fig. 8.20. NHMUK PV R 1362 (Fig. 8.21) is an 
incomplete WP2 missing its proximal third and part of its proximal half. It is contained 
in a cut slab of Kimmeridge Clay from Eathie, Scotland and is the only Kimmeridgian 
pterosaur known from Scotland (Steel and O’Sullivan, 2014). In posterior view a 
slight longitudinal groove can be seen, identifying it as an indeterminate 
rhamphorhynchine. Although incomplete the full extent of the phalanx can be 
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discerned due to its preservation as a mould. With a total length of 160 mm, the 
wingspan of NHMUK PV R 1362 was estimated to be 1.7 m. This suggests it is from 
an adult of similar size to R. etchesi. The MJML collections contains several 
incomplete wing phalanges, with a mix of WP1-4 (see Appendix 4). Some have 
prominent longitudinal posterior grooves which identify them as cf. 
Rhamphorhynchus sp. 
 
 
 Fig. 8.21. An isolated rhamphorhynchid wing phalanx, NHMUK PV R 1362, from the 
Kimmeridge Clay Formation of Eathie, Scotland. Modified from Steel and O’Sullivan, 2014. 
Scale = 10mm. 
 
8.6.2.2. Complete wing phalanges  
The MJML contains several complete pterosaur wing phalanges (see Appendix 4 
for a complete list of specimens). Most are within the matrix and exposed 
dorsoventrally. As with the incomplete wing phalanges discussed above, due to the 
preservation of the phalanges within the matrix they are difficult to identify. There 
are however at least two phalangeal morphotypes present in the Kimmeridge Clay 
Formation. The first is typified by the phalanges of MJML K-1597 and figured in Fig. 
22a. This morphotype has a thick diaphysis, frequently with a bow to the shaft, and 
a relatively shallow proximal posterior eminence. The second morphotype (Fig. 22b) 
has a thinner straighter diaphysis and more prominent proximal posterior eminence. 
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As these specimens are complete, estimations on wingspan can be performed using 
the data from Appendix 6, suggesting that these phalanges may have been from 
animals with wingspans between 1.4-1.8 m.   
 
8.6.3. Other wing elements 
Although wing phalanges are the most common appendicular fossils in the 
Kimmeridge Clay Formation, and humeri the most easily identifiable, there are 
several other noteworthy wing elements within the MJML and the NHMUK 
collections.  
 
8.6.3.1. Radii and ulnae  
Isolated pterosaur radii and ulnae are relatively common in the Kimmeridge Clay of 
the U.K (see Appendix 4). Fragmentary remains are known from the NHMUK while 
the MJML contains more complete specimens (Fig. 8.23). Apart from the ulna 
identified by Unwin (1988a) as Germanodactylus sp. and MJML K-461(see Section 
8.7), most can be considered largely indistinguishable from the radius and ulna of 
MJML K-1598.  
 
8.6.3.2. Fourth metacarpals  
The MJML collection contains two isolated non-pterodactyloid metacarpals. MJML  
K-1627 (Fig. 8.24) is a MCIV exposed in posterior view. It is 26 mm long 
proximodistally, 6 mm dorsoventrally on at the distal condyles and 10 mm wide at 
the ulnar articulation. Anteriorly the condyles are separated by a broad bicondylar 
ginglymus, with the condyle section slightly dorsally deflected. The main body of the 
MCIV is relatively equidimensional, expanding in the distal quarter where the ventral 
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crest begins to develop. There is no identifiable cristametacarpus. The ventral crest 
is a sub-triangular process which dominates the ventral ulnar articulation. The 
medial tuberosity extends from the centre of the articulation, extending an equal 
distance proximally as the ventral crest. This gives the ventral half of the ulnar 
articulation a flattened appearance. In contrast the dorsal half is stepped with the 
 
  
Fig. 8.22. Isolated indeterminate WP2 (a) Phalangeal morphotype 1 MJML K-1628, most 
probably rhamphorhynchine and (b) phalangeal morphotype 2 MJML K-1143. Both from the 
Kimmeridge Clay Formation of Kimmeridge, Dorset. Scale bar = 10 mm.  
 
dorsal tuberosity less proximally oriented. Based on the position of the ventral crest 
MJML K-1627 is identified as a right MCIV. MJML K-1317 (Fig. 8.24) is a MCIV 
exposed in dorsoposterior view. The ventral half posterior to the condyles has been 
 226 
 
completely removed. It is 27 mm long and like MJML K-1627 the condyles are 
dorsally deflected. Similarly, there is no cristametacarpus preserved. Both 
metacarpals have a proximodistal length/dorsoventral width ratio of ~5:1, well below 
the ratio of 9:1 or more found in pterodactyloids (Martill et al., 2013). The dorsally 
deflected condyles, broad ginglymus and stepped appearance of the dorsal ulnar 
articulation makes MJML K-1627 and MJML K-1317 almost identical to the MCIV of 
MJML K-1598. The similarity is such that both metacarpi are confidently identified 
as Rhamphorhynchus sp. Based on the data in Appendix 6, the wingspans of MJML 
K-1726 and MJML K-1317 are estimated to be ~1.5 m.  
 
The NHMUK Kimmeridge Clay Formation collection possesses a single complete 
non-monofenestratan MCIV and several incomplete metacarpi (see Appendix 4).  
NHMUK PV R 1778 (Fig. 8.25) is a right MCIV, 37 mm proximodistally, 10 mm at 
the condylar end and 13 mm at the ulnar articulation. It is similar to the previous 
metacarpi but has an identifiable a cristametacarpus, a less deflected ventral 
condyle and a round medial tuberosity. Whether these differences are taxonomically 
significant is questionable but NHMUK PV R 1778 is conservatively identified here 
as cf. Rhamphorhynchus sp. If the association with Rhamphorhynchus is correct, 
the estimated wingspan of NHMUK PV R 1778 is 2.4 m. This would be the largest 
wingspan estimation for a rhamphorhynchine on record, 0.6 m longer than the 
currently largest known R. muensteri (Wellnhofer, 1975). 
 
8.6.4. Associated remains 
While the NHMUK collection does not house any associated Kimmeridgian  
pterosaur fossils, associated appendicular material is found within the MJML 
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assemblage.  
 
 
 
Fig. 8.23. (a) An isolated right radius, MJML K-1488, in posterior view. (b) An incomplete right 
ulna, MJML K-1428. (c) A complete left ulna, MJML K-461 identified as c.f. Dsungaripteroidea. 
(d) A right ulna, MJML K-1468b. All are preserved in anterior views. See Appendix 4 for a full 
list of Kimmeridge clay radii and ulnae. Scale = 10 mm.  
 
8.6.4.1. MJML K-1026 
 MJML K-1026 (Fig. 8.26) is an associated partial wing consisting of a humerus, 
radius, ulna, pteroid and proximal syncarpal. All elements are three dimensional and  
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in relatively good condition, although the distal humerus is missing several 
 
 
Fig. 8.24. Isolated metacarpi from the Kimmeridge Clay Formation of Kimmeridge, Dorset. (a) 
MJML K-1627, a right MCIV in ventral view. (b) MJML K-1317, a right MCIV in dorsoposterior 
view. Scale bar = 10 mm.  
 
pieces. While both the ulna and radius are articulated with the humerus, the ulna 
has rotated more than 180° and the radius has been rotated such that it lies parallel 
to the humerus. The humerus of MJML K-1026 is 59 mm long proximodistally with 
a diaphysis 7 mm wide anteroposteriorly and is exposed in dorsal view. The 
scapulocoracoidal articulation is similar to that of MJML K-1597 and NHMUK PV R 
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41970, with a broad saddle shaped concavity and an elevated distal rim. The medial 
process curves ventrally into the matrix and is thus obscured.  
 
 
Fig. 8.25. NHMUK PV R 1778, an isolated non-pterodactyloid MCIV from the Kimmeridge Clay 
Formation of Weymouth, Dorset.  
 
The DPC is elongate, reaching 17 mm anterior to the diaphysis with proximal and  
distal extensions at its anterior termination. The diaphysis of the humerus is 
relatively straight with a slight anterior kink. The ulna of MJML K-1026 is 96 mm long 
proximodistally, 15 mm wide dorsoventrally proximally and 13 mm distally. It is 
exposed in anterior view. The proximal ulna is subtriangular ventrally with a curving 
proximal margin. The dorsal margin is defined by a slight sub-triangular process. 
The trochlear and capitular condyles are discernible, with the trochlear condyle 
defined by a sigmoidal distal margin. The distal ulna has a sub-triangular extension 
with well-developed collateral ligament scars on its dorsal margin and a prominent 
distal tubercle. It is expanded ventrally but whereas the dorsal expansion is sub-
triangular, the ventral is more rectangular. The radius is preserved in dorsal view 
with a similar length as the ulna. Proximally it has a sub-triangular rugose tubercle. 
The only incomplete element in the specimen. Its proximal articulation is well 
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preserved but its distal half has broken off. The proximal syncarpal is exposed in 
dorsal view. It is 16 mm anteroposteriorly and 7 mm proximodistally. The cotyles for 
articulation with the radius and ulna are well preserved and show that the ulnar  
 
 
Fig. 8.26. An associated pterosaur forelimb from the Kimmeridge Clay Formation of 
Kimmeridge, Dorset. Abbreviations - h: humerus; pte: pteroid; r: radius; sy: syncarpal; u: ulna. 
Scale = 50 mm.  
 
cotyle is more than twice the size of the radial. The near-identical humeral 
morphology of MJML K-1597 and the humerus being between 60-65% of the length 
of the ulna identifies MJML K-1026 as Rhamphorhynchus. Given the strong 
similarity in to MJML K-1597, along with its occurrence in the same deposit, MJML 
K-1026 is identified as Rhamphorhynchus cf. etchesi.  
 
8.6.4.2. MJML K-1318 
MJML K-1318 (Fig. 8.27) is an association of pterosaur limb bones including a 
complete MCIV, incomplete MCI-III, a partial ungual and several indeterminate 
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elements. The MCIV is the largest element, being 26 mm long proximodistally, 8 
mm wide on the condylar end and 9 mm wide on the syncarpal articulation. It is 
exposed in anterior view. The diaphysis of this MCIV is compressed both distally 
 
 
Fig. 8.28. An association of pterosaur appendicular elements. Abbreviations - indet: 
indeterminate material; mcI-III; metacarpal I-III; mcIV: metacarpal IV; un: ungual. Scale = 10 
mm.  
 
and proximally. There is a slight projection on the medial diaphysis which may be 
the cristametacarpus but this is currently indeterminate. The anterior margin of the 
dorsal tuberosity is broken but the process has not been deformed, retaining its sub-
triangular appearance. The medial tuberosity is rectangular and extends past the 
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proximal margin of the dorsal tuberosity to an equal degree as the ventral crest. The 
ventral crest is a rounded triangle which seems to have a slight anterior curve. An 
attachment point for MCI-III is present just dorsal of the central diaphysis. The 
condylar region consists of two enlarged condyles separated by a broad sulcus, 
both are dorsally deflected. Two other metacarpi are preserved on MJML K-1318. 
One is a complete bone, articulated with the proximal end of the MCIV. It is 25 mm 
long with an expanded dorsal articulation and slightly spatulate condylar end. The 
proximal end is sigmoidal but this appears to be a taphonomic deformation. The 
other metacarpal is a 13 mm distal metacarpal. Unfortunately, the morphology of 
MCI-III is so similar that distinguishing them is difficult. While the incomplete 
metacarpal appears slightly thinner it is also exposed at a slightly different angle. 
Therefore, they cannot be identified as specific metacarpi. There are several bones 
or bone fragments scattered across MJML K-1318, only one of which is identifiable. 
A crescent shaped element which has been broken at the tip is preserved just above 
the MCIV. It has a broad articulatory end with a semi-circular concavity dorsally. In 
all respects it conforms to the appearance of a manual ungual, being more strongly 
recurved than a pedal element.  
 
MJML K-1318 is a non-pterodactyloid with a metacarpal morphology 
indistinguishable from that of MJML-K1598. It is considered congeneric with 
Rhamphorhynchus.  
 
8.7.     Pterodactyloid fossils from the Kimmeridge Clay Formation  
While non-pterodactyloids dominate the Kimmeridge Clay, several pterodactyloids  
have been collected and included in the MJML collection. 
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8.7.1. MJML K-96 
MJML K-96 (Fig. 8.28) is an association of pterosaur vertebrae and appendicular 
bones first described by Unwin (1988a). The specimen consists of a dorsal vertebra, 
cervical vertebrae 3 and 4, a right ulna and radius, left WP1 and right tibia with fibula. 
Unwin (1988a) provides a detailed analysis and description where he argued that 
the shape of the distal ulna, the disparate sizes of the cervical vertebra, the 
triangular cross-section of the wing phalanx and the relatively short fibula identify 
MJML K-96 as a pterodactyloid. This identification is supported here, although the 
triangular cross-section of the wing phalanx may be a debatable character given the 
seeming restriction of the “rhamphorhynchoid” posterior groove to 
Rhamphorhynchinae. Unwin (1988a) goes further and identifies the specimen as  
 
 
Fig. 8.28. Dsungaripteroidea indet. MJML K-96. (a) Cervical vertebra in dorsal view; (b) dorsal 
vertebra in left lateral view; (c) dorsal vertebra in dorsal view; (d) right radius in anterior view; 
(e) right ulna in posterior view; (f) left WP1 in dorsal view; (g) right tibia in posterior view. 
Scale = 10 mm.  
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Germanodactylus due to the following characters: the morphology of the cervical 
vertebrae (Unwin does not provide specifics about what makes them similar), the 
absence of a pronounced extensor tendon process on WP1 and the relative 
proportions of the humerus, ulna and tibia to each other (1/1.29/1.45). Of these the  
most problematic character is the fusion of the extensor tendon process. It is 
possible that the extensor tendon process could fuse relatively late in ontogeny and 
is a sign of maturity with little taxonomic implications (Frey et al., 2012). It cannot be 
considered diagnostic of a genus. Martill et al. (2013) records the ulna/WP1 ratios 
of Germanodactylus MJML K-1892 IV 1 as being closer to 1/1.12. Here it is 
considered that the ulna/WP1 ratio and the extensor tendon process are somewhat 
dubious characters for diagnosing Germanodactylus. The cervical vertebrae do 
appear to conform to those of Germanodactylus but this may simply be a shared 
relatively basal pterodactyloid condition. One character noted by Unwin (1988a) that 
distinguishes MJML K-96 from basal pterosaurs, and would later be noted as having 
taxonomic significance, is the thickness of the bone wall in cross-section (Unwin, 
2003; Martin and Palmer, 2014), where thick bone walls are considered diagnostic 
of Dsungaripteroidea sensu Unwin, 2003. Unwin (1988a) notes that the bone wall 
thickness vs diaphysis diameter is 4.0, notably thicker than in most pterosaurs. This 
character allows MJML K-96 to be identified as Dsungaripteroidea indet. but does 
not provide unambiguous evidence of it being congeneric with Germanodactylus. 
According to data provided by Dr. Ross Elgin, the ulna and WP1 of MJML K-96 are 
130% and 150% the size of the same bones in Germanodactylus 1892 IV 1. 
Assuming isometric scaling, this suggests the wingspan of MJML K-96 to be 
between 1.2 and 1.4 m.  
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8.7.2. MJML K-461 
MJML K-461 is an isolated right pterosaur ulna (Fig. 8.29), 139 mm proximodistally  
with a 9 mm wide diaphysis.  The bone is fractured in various places across its  
 
 
Fig. 8.29. MJML K-461, a large pterodactyloid ulna in anterior view from the Kimmeridge Clay 
Formation of Kimmeridge, Dorset. Scale = 10 mm.  
 
length but is otherwise complete. From the medial point of the diaphysis, MJML K-
461 expands asymmetrically with the proximal end being curved. Based on 
comparison with ulnae figured by Unwin (1988a) and Eck et al. (2011), this can be 
identified as a right ulna. The distal epiphysis is a ventrally expanded sub-
rectangle/semi-trapezoid. The dorsal surface has a lower, more gently sloping 
profile. The ulna is strongly expanded on the dorsal surface, developing into a  
triangular process.  
 
The morphology of MJML K-461 compares poorly to that of non-pterodactyloids 
(Wellnhofer, 1975; 1991; Witton, 2013) with the strong expansion on the distal side 
being more typical of a pterodactyloid. Unfortunately, ulnae are relatively poorly 
figured in the literature, with the exception of derived pterodactyloids such as 
tapejarids or ornithocheirids. MJML K-461 does not correspond with any of these 
(Kellner and Tomida, 2000; Eck et al. 2011). In comparison to MJML K-96, the ulnar 
morphology is more asymmetrical proximally and distally. The articulations are 
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broadly similar however. Given that MJML K-461 is approximately 149% the size of 
the ulna of MJML K-96 with a similar length/width ratio (15/1) it may represent a 
more mature form of this probable dsungaripteroid. Without further information 
however it is recommended that MJML K-461 be identified as Pterodactyloidea indet, 
making it the largest complete Jurassic pterodactyloid ulna known.  
  
8.7.3. MJML K-1978 
MJML K-1978 (Fig. 8.30) is an incomplete pterosaur jaw preserving the base of the 
mandibular symphysis and at large section of the posterior rami. The jaw is 65 mm 
long and approximately 27 mm wide posteriorly. The symphysis is exposed in dorsal 
view while the rami are laterally rotated such that at the posterior termination of the 
jaw the left ramus is only visible in medial view and the right in lateral view. Due to  
 
 
Fig. 8.30. MJML K-1978, an incomplete indeterminate monofenestratan lower jaw. Scale = 10 
mm.  
 
the rotation of the rami, the alveoli are only exposed on the right ramus. Six alveoli 
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 are preserved with five posterior to the point of symphyseal fusion. The alveoli are 
sub-oval but less widely spaced than in MJML K-1948. The thin bone walls and 
smooth texture identifies MJML K-1978 as pterosaurian. The number of alveoli 
posterior to the symphysis and the smaller spacing suggests MJML K-1978 is 
distinct from Rhamphorhynchus but the dental spacing and alveolar size 
distinguishes it from other basal pterosaurs (Wellnhofer 1978; Witton 2013). The 
spacing is similar to that of the indeterminate monofenestratan Normannognathus 
(Witton et al., 2015) but with so little of the alveolar mandible preserved MJML K-
1978 is not allied to any established pterosaur and identified here solely as 
Monofenestrata indet. 
 
8.7.4. MJML K-1596  
MJML K-1596 (Fig. 8.31) is a large pterosaur humerus preserved in ventral view. It 
is 97 mm long proximodistally with a medial diaphysis 10 mm wide anteroposteriorly. 
The diaphysis is relatively straight and gently expands towards the distal articulation, 
which has a slightly triangular anterior prominence formed by the ectepicondyle. The 
proximal humerus is distinct from all other humeri found in the Kimmeridge Clay 
Formation. The medial process is proximally positioned and sub-rounded. Its strong 
proximal placement reduces the relative size of the scapulocoracoidal articulation 
and makes it far less saddle shaped than in previously described humeri. The DPC 
extends 22 mm anterior to the humeral body with its distal margin extending well 
beyond its proximal, giving it a sub-rounded trapezoidal appearance. It lacks 
constriction to the body of the DPC. The diaphysis length/width ratio of 10:1 places 
MJML K-1596 in a somewhat nebulous position taxonomically (see Chapter 3) but 
it can be distinguished from all other British Kimmmeridgian humeri and 
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rhamphorhynchinae in general by its lack if a constricted DPC base, its medial 
process being positioned proximal to the articular surface and its straight diaphysis. 
It can be distinguished from other basal pterosaurs due to the shape of its DPC and 
 
 
Fig. 8.31. Pterodactyloidea indet., MJML K-1596. A large isolated left humerus in ventral view. 
Scale = 10 mm.  
 
medial process (Wellnhofer, 1978; 1991; Witton, 2013). Wukongopterids have 
broadly similar morphologies but smaller, more triangular DPCs and less robust 
shafts (Wu et al., 2009; Lu et al., 2010). MJML K-1596 is therefore identified here 
as a pterodactyloid. Germanodactylus has a trapezoidal DPC but it appears 
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reversed from the condition seen in MJML K-1596, as well as having a more curved 
diaphysis and a rounder distal condyle (Wellnhofer, 1991). Cycnorhamphus from 
the Solnhofen Limestone has a similar humeral morphology as MJML K-1978 but 
as figured in Wellnhofer (1978) it appears to have a slightly rounder anterior DPC. 
The DPC of boreopterids and ornithocheiroids are distally deflected along the shaft 
with a strong ventral warping (Kellner and Tomida, 2000; Bennett, 2001; Lu, 2010). 
Pterodactylus and Ctenochasma have relatively small rounded DPCs (Bennett, 
2013). Azdarchid pterosaurs have humeri with rounded DPC and a large rounded 
medial crest. Currently MJML K-1596 does not perfectly match any pterodactyloid 
but is not distinct enough to consider it a new taxon. Based on the genera similarity, 
it is most similar to either Germanodactylus or Cycnorhamphus. It is treated here as 
Pterodactyloidea indet. MJML K-1596 is noteworthy for its large size. At almost 100 
mm, it is among the largest Jurassic pterosaur humeri known (Wellnhofer, 1991; 
see Chapter 3). Based on data provided by Dr. Ross Elgin the wingspan of MJML 
K-1596 is predicted to be between 1.5-2 m, suggesting it is from one of the largest 
Jurassic pterodactyloids known.  
 
8.7.5. Other elements 
Several pterosaur femora are preserved in the MJML. MJML K-1420 (Fig.8.32) is 
 
 
Fig. 8.32. A large Kimmeridge Clay Formation pterodactyloid femur, MJML K-1420. From the 
Kimmeridge Clay Formation, Kimmeridge, Dorset. Scale = 10 mm.  
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a left pterosaur femur displayed in ventral view and completely free of any 
surrounding matrix. It is 153 mm proximodistally with an 8 mm medial diaphysis and 
a 13 mm femoral head. The diaphysis is bowed dorsally and the greater trochanter 
is a rounded triangular process restricted to the proximal margin. The femoral head 
is angled at 148° degrees relative to the diaphysis, within the overlap range of 
pterodactyloids and non-pterodactyloid pterosaurs. At 153 mm this femur is larger 
than any basal pterosaur femur known, although size is a poor specific indicator and  
 
 
Fig. 8.33. MJML K-1048, a pterodactyloid femur in right lateral view. From the Kimmeridge 
Clay Formation, Kimmeridge, Dorset. Scale = 10 mm.  
 
no femora are known from the largest rhamphorhynchines. However, Unwin (2003) 
identifies a bowed femur as a reliable autapomorphy of Dsungaripteroidea sensu 
Unwin, 2003. Furthermore, the proximal morphology compares well to 
Germanodactylus, as figured by Unwin (2003, fig. 19). Given the already suggested 
presence of a basal dsungaripteroid in the Kimmeridge Clay, this femur is cautiously 
identified as belonging to cf. Dsungaripteroidea. Of note, when compared to most 
Jurassic pterosaurs, a femur of 153 mm is extremely large. Using a simple isometric 
scaling and data from Wellnhofer (1975), the largest Rhamphorhynchus would have 
femora of 50 mm+. Germanodactylus NMING F15005 has a femur approximately 
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56 mm long, suggesting an animal three times the size of Germanodactylus. A 
smaller but similarly sized indeterminate dsungaripterid was described by Fastnacht 
(2005) from a Kimmmeridgian horizon in Germany. While Fastnacht’s (2005) 
specimen (DFMMh/FV 500) included pelvic and vertebral characters which 
supported a strong diagnosis, the MJML femur may represent either the same taxon  
or a related animal. 
 
 A second femur of this indeterminate pterodactyloid is MJML K-1408 (Fig. 8.33), a  
pterosaur femur exposed in dorsal view. It is 133 mm long proximodistally with a 
round diaphysis 8 mm wide dorsoventrally. It is missing its distal articulation. In 
general form (bow, trochanter shape) it is comparable to DFMMh/FV 500 and the 
larger femur. In distal view it is seen to have a relatively thick bone wall, a 
dsungaripteroid autapomorphy (Unwin, 2003). It is identified here as cf. 
Dsungaripteroid and may be congeneric with the larger specimen. Assuming this  
 
 
Fig. 8.34. A pterodactyloid MCIV and associated syncarpal held in the MJML collection but 
which has yet to be accessioned. Identified as cf. Cycnorhamphus.  
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assignment is correct and basing the estimate off of Dsungaripterus Young, 1964, 
a potential wingspan for the animals these femora belong to is between 2-2.3 m. 
While some Jurassic pterodactyloids may have been large (Meyer and Hunt, 1999) 
this animal was most likely larger than current estimates for the largest Solnhofen 
pterosaurs (Bennett, 2013). 
 
The MJML collection contains two unambiguously pterodactyloid MCIV. Fig. 8.34 
shows a pterosaur MCIV currently lacking an accession number, preserved in 
anteroposterior view with a fully articulated distal syncarpal. It is 200 mm long 
proximodistally with a medial diaphysis 10 mm dorsoventrally, a proximal end 23 
mm dorsoventrally and a 10 mm proximal end. The proximal end shows some wear 
and crushing throughout the diaphysis but the only significant damage is the 
bicondylar ginglymus breaking off. The broad proximal and thin distal ends give the 
diaphysis a tapering appearance. The proximal epiphysis is relatively complex with 
an elevated sub-triangular anteroposterior margin which overlies the syncarpal. 
With a length/width ratio of 20:1 it falls within the range exhibited by pterodactyloids 
(Martill et al., 2013). The lack of the distal condyles makes a taxonomic identification 
 
 
Fig. 8.35. MJML K-1444, an isolated pterodactyloid MCIV. Scale = 10 mm.  
 
problematic but not impossible. As figured by Martill et al. (2013) most pterodactyloid 
MCIV are relatively parallel sided. Only Cycnorhamphus Seeley, 1970, 
Dsungaripterus and Tapejara Kellner, 1989 are figured with well-developed tapering. 
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Germanodactylus also shows a similar metacarpal morphology (Wellnhofer, 1991). 
Fig. 8.34 can be distinguished from Dsungaripterus and the tapejarids as while their 
MCIVs are tapered, they strongly thin proximal to the condyles and remain relatively 
parallel sided along the diaphysis (Martill et al., 2013). It continually tapers 
throughout its length. The MCIV of Germanodactylus shows continual tapering but 
as figured in Wellnhofer (1991) has an asymmetrical proximal articulation. In general 
morphology Fig. 8.35 most closely resembles the MCIV of Cycnorhamphus as 
figured by Martill et al. (2013). Therefore, it is identified here as c.f. Cycnorhamphus. 
MJML K-1444 (Fig. 8.35) is a left pterodactyloid MCIV missing its proximal epiphysis 
but preserving its distal condyles. It has a thin shaft that gently tapes along its length. 
The bicondylar ginglymus is strongly expanded relative to the diaphysis. It has a 
minimum Length/Width ratio of 33:1, well above that of MJML K-1444, suggesting it 
may be another taxon. Due to a lack of further data it is identified here as 
Pterodactyloidea indet.  
 
8.8.     Tibiae  
Several isolated tibiae are present within both the NHMUK and MJML, in varying 
degrees of completeness (see Appendix 5). While these are relatively simple 
elements to describe, when isolated they are among the most difficult bones to 
assign a taxonomic identity to. Tibia can be identified as basal or derived based on 
the presence or absence of a fused fibula but the British Kimmeridgian tibiae are 
poorly preserved in comparison to the other appendicular bones in the collections. 
Currently there are no identifiable tibiae in the MJML or the NHMUK.  
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8.9.     The taxonomic content of the Kimmeridge Clay of the U.K. 
The Kimmeridge Clay Formation of Dorset has yielded arguably the most 
informative Jurassic pterosaur assemblage in Britain. It contains the first confirmed 
occurrence of Rhamphorhynchus outside of Germany; Cuspicephalus is not only 
the first example of a European wukongopterid, but the youngest and largest 
specimen to date (Martill and Etches, 2013; Witton et al., 2015); the Kimmeridge 
Clay Formation holds at least two pterodactyloid taxa, with probable examples of 
dsungaripteroids and ctenochasmatoids. Not only are these animals present but 
evidence suggests that they reached relatively large sizes. With at least four taxa 
present representing each of the major grades of pterosaur evolution, fossils 
showing a potentially larger size range than expected and several excellent isolated 
or associated specimens, the Kimmeridge Clay Formation is one Britain’s most 
important pterosaur sites and given the quality of its overall faunal assemblage 
(Etches and Clarke, 2010) it should be considered one of Britain’s’ premier Jurassic 
Konservat-Lagerstätten.  
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Chapter 9: Summation, conclusions and future work 
 
The British Jurassic pterosaur collections are among the oldest and largest 
assemblages of Jurassic pterosaur fossils in the world, providing a rare opportunity 
for a re-evaluation of pterosaur taxonomy and diversity at this key time in their 
evolution. In the process of this re-evaluation, several key points have emerged. 
 
Lower Jurassic Liassic formations. 
 Parapsicephalus purdoni from the Whitby Mudstone Formation of Yorkshire 
is not synonymous with Dorygnathus and has received a revised diagnosis. 
While it is identified as a member of the Rhamphorhynchidae sensu Unwin, 
2003, some doubt remains as to whether it belongs in Rhamphorhynchinae, 
Scaphognathinae or is a basal rhamphorhynchid which belongs to neither 
group. A humerus that may belong to Parapsicephalus or a related animal 
suggests that Lower Jurassic pterosaurs were approaching sizes equivalent 
to the largest Late Jurassic non-pterodactyloids. A second skull from 
Germany is in private hands and is unavailable at this time for examination.   
 A recently discovered humerus from Scunthorpe is identified as 
campylognathoidid based on the morphology of its deltopectoral crest. This 
is the first occurrence of the family in the U.K. and together with the 
rhamphorhynchid Parapsicephalus suggest a taxic continuity in the Lower 
Jurassic between Britain and Germany. 
 Pterodactylus marderi, a little known species erected by Owen (1974) from 
the Blue Lias Formation of Dorset is identified as being a broken proximal 
humerus most likely belonging to Dimorphodon.  
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Middle Jurassic Saltwick Formation 
 A pterosaur trace fossil described as Pteraichnus by Whyte and Romano 
(2014) cannot be taken as evidence for pterodactyloid pterosaurs, as 
Pteraichnus cannot be confidently associated with any pterosaur group. 
Based on the size of the tracks, the tracemaker was likely a pterosaur with a 
wingspan approaching 2 m.  
 
Middle Jurassic Great Oolite Group 
 The Bathonian pterosaur taxon Rhamphocephalus prestwichi, erected for an 
isolated skull table, is identified as being an indeterminate thallattosuchian 
crocodylomorph. Rhamphocephalus is considered a nomen dubium. 
 NHMUK PV R 47991, previously accessioned under the taxon 
Rhamphocephalus depressirostris, is described as a new genus Klouvidon 
rochei. Klouvidon is identified based on dental characters and is a member 
of the Rhamphorhynchinae, most closely related to Dorygnathus. Based on 
a comparison with Dorygnathus and Rhamphorhynchus, it is likely to have a 
wingspan of 1.6-2 m.  
 GSM 113723, the holotype for Rhamphocephalus depressirostris, is 
identified as a possible Scaphognathine. 
 Several humeral morphotypes are identified within the Great Oolite Group 
and assigned to the Rhamphorhynchidae. While most are considered 
rhamphorhynchine, OUM J.23046 is identified as a scaphognathine humerus. 
At 90 mm long, it is one of the largest Jurassic pterosaur humeri known.  
 Several isolated cervical vertebrae are identified as having a combination of 
basal and derived characters. They are identified as belonging to 
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indeterminate basal monofenestratans as is NHMUK PV R 28160b, an 
isolated fourth metacarpal. These represent the earliest record of basal 
monofenestratans outside of China.  
 A poorly preserved pelvis, NHMUK PV R 2637, is identified as 
monofenestratan. Based on the number of vertebrae and the transverse 
constriction it undergoes posteriorly; it is identified as being a potential 
indeterminate pterodactyloid pelvis. If correctly identified, it pushes the 
earliest occurrence of the group from the Callovian to the Bathonian.  
 While the preservation is relatively poor, the Great Oolite Group has the most 
diverse Middle Jurassic pterosaur assemblage on record with at least 3 
families represented. There are several different humeral and mandibular 
morphotypes.  
 
Middle – Upper Jurassic Oxford Clay Formation 
  Rhamphorhynchus jessoni, the only named pterosaur within the Oxford Clay 
Formation, is redescribed. While it can be identified as a probable 
rhamphorhynchine pterosaur, it lacks any autapomorphies of 
Rhamphorhynchus. The species is considered a nomen dubium.  
 Other pterosaur material collected from the Oxford Clay Formation is poorly 
preserved. Several wing phalange fragments can be identified as 
rhamphorhynchine however the majority of the material is identified as 
Pterosauria indet. 
 The Oxford Clay Formation has the least taxic diversity of any British Jurassic 
pterosaur bearing formation.  
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Upper Jurassic Kimmeridge Clay Formation. 
 An associated wing specimen MJML K-1597 is identified as 
Rhamphorhynchus and based on the ratio of the first wing phalanx to the 
second, is described as a new species, Rhamphorhynchus etchesi. Several 
other Kimmmeridgian specimens are confidently identified as 
Rhamphorhynchus but as they are not associated with wing elements cannot 
be identified specifically.  
 MJML K-96 is identified as Dsungaripteroidea indet. as it lacks unambiguous 
autapomorphies of Germanodactylus.  
 Two metacarpals are identified as potentially belonging to the Solnhofen 
pterodactyloid Cycnorhamphus.  
 Including the previously described late surviving wukongopterid 
Cuspicephalus, 4 taxa are identified within the Kimmeridge Clay Formation. 
It is the only U.K. Jurassic formation which not only has unambiguous 
pterodactyloids but ones which can be identified to family and possibly genus 
level.  
 
With at least 3 groups/taxa represented in each, the British Lower and Middle 
Jurassic pterosaur assemblages are the most taxically diverse known from the age. 
The Upper Jurassic is diverse but less so than the Nusplingen Limestone and 
Solnhofen Limestone formations.  The British Jurassic material also represents one 
of the most diverse Jurassic pterosaur assemblages, second only to the plattenkalk 
lagerstätten of Germany and the only one in Europe to include transitional fossils. 
The high diversity found in the Middle Jurassic Great Oolite Group supports the 
argument of Butler et al. (2009) that previous diversity studies were biased by the 
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reduced preservation and lower specimen count of other Lower-Middle Jurassic 
pterosaur bearing formations in comparison to the prominent lagerstätte effect in the 
Late Jurassic and the overall higher productivity of Cretaceous units.  
 
While this thesis has attempted to be as comprehensive as possible, further work 
remains. More in-depth analysis in the variance in wing phalange or femoral 
morphology in pterosaurs may reveal taxonomic signals in those elements in the 
British collections which were not identified within this study. It may also be 
beneficial to revisit sites in Oxfordshire and Gloucestershire for further excavations 
in the hopes of collecting new material, both of pterosaurs and other animals. Finally, 
it is recommended that any study into pterosaur evolution and diversity, whether 
taxonomic or morphological, consider the preservational biases of the Jurassic and 
the effect those biases can have in our understanding of pterosaur evolution and 
diversification.  
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APPENDIX 1 
Institutions which have collections of British Middle-Upper Jurassic 
pterosaurs.  
Institution Locality Collection contents 
Academy of Natural 
Sciences of Drexel 
University 
Philadelphia Middle Jurassic 
Bolton Museum Bolton. England Middle Jurassic 
British Geological Survey Keyworth, England Middle Jurassic 
University Museum of 
Zoology, Cambridge 
Cambridge, England Middle Jurassic 
Canterbury City Museum Canterbury, England Middle Jurassic 
Eton Natural History 
Museum 
Eton, England Middle Jurassic 
Gloucester Museum Gloucester Middle Jurassic 
Ipswich Museum Ipswich, England Middle Jurassic 
Irish Natural History 
Museum 
Dublin, Ireland Middle Jurassic 
Lapworth Museum Birmingham, England Middle Jurassic 
Manchester University 
Museum 
Manchester, England Middle Jurassic 
National Museum of Wales, 
Cardiff 
Cardiff, Wales Middle Jurassic 
Natural History Museum, 
London 
London, England Middle and Upper Jurassic 
Oxford University Museum Oxford, England Middle Jurassic 
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Sedgwick Museum Cambridge, England Middle and Upper Jurassic 
Smithsonian Natural 
History Museum 
Washington D.C. Middle and Upper Jurassic 
Te Papa Museum Te Papa, New Zealand Middle Jurassic 
Texas Memorial Museum Austin, Texas Middle and Upper Jurassic 
Museum of Jurassic Marine 
Life 
Kimmeridge, England Upper Jurassic 
University College London London, England Middle Jurassic 
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APPENDIX 2  
British Jurassic pterosaur cranial fossils accessioned in U.K. collections, excluding Dimorphodon macronyx NHMUK PV R 
41212, NHMUK PV R 1034 and NHMUK PV R 1035.  
 
Collection Spec. number Element Locality Horizon Status Taxon 
   Toarcian     
BGS, Keyworth GSM 3166 3D Skull  Loftus Quarry, Whitby, Yorkshire 
Toarcian, Alum Shale Mem., Whitby 
Mudsstone Fm. 
Type 
Parapsicephalus 
Parapsicephalus purdoni  
   Bathonian     
BGS, Keyworth 
GSM 113723 Incomplete mandible  Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. 
Type 
Rhamphorhynchus 
bucklandi 
c.f. Scaphognathinae indet. 
GSM 113725 Incomplete mandible Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None Rhamphorhynchidae indet. 
GSM 3860 Posterior mandible Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Frm None Rhamphorhynchidae indet. 
GSM 6028 Posterior mandible Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None Teleosauridae indet. 
NHMUK, London 
NHMUK PV R 
1824 
Incomplete mandible Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet. 
NHMUK PV R 
47991 
Incomplete mandible Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
Type 
Klouvidon 
Klouvidon rochei  
NHMUK PV R 464 Anterior rostrum Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Monofenestrata indet. 
OUM, Oxford 
OUM J.28501 Jaw fragment Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.01419 Incomplete rostrum Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Teleosaurus sp. 
OUM J.28266 Partial cranium ) 
Kineton Thorn's Quarry, Stwo-On-Wold, 
Gloucestershire 
Bathonian, Fuller's Earth Fm. 
Type 
Rhamphocephalus  
prestwichi 
Teleosauridae indet. 
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OUM J.28275 Jaw fragment Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM, Oxford 
OUM J.28275 Jaw fragment Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None            Pterosauria indet. 
OUM J.28410 Mandibular symphysis Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Klouvidon rochei 
OUM J.28500 Jaw fragment Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28409 Partial maxilla Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28489 Isolated tooth Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet. 
OUM J.28495 Isolated tooth Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet. 
OUM J.28490 Isolated tooth Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet. 
OUM J.28491 Isolated tooth Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet. 
OUM J.43335 Isolated tooth Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet. 
OUM J.28532 Distal jaw Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None ?Pterosauria indet. 
UMZC, 
Cambridge 
UMZC T.718 Posterior skull Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet. 
   
Kimmeridgian- 
Tithonian  
   
MJML, 
Kimmeridge 
 
MJML K-1235 Incomplete mandible Kimmeridge Bay, Kimmeridge, Dorset 
Tithonian, Upper Kimmeridge Clay 
Fm. 
None 
Rhamphorhynchus sp. 
MJML K-1783 Incomplete mandible Kimmeridge Bay, Kimmeridge, Dorset 
Tithonian, Upper Kimmeridge Clay 
Fm. 
None 
Rhamphorhynchus sp. 
MJML K-1918 Incomplete skull Kimmeridge Bay, Kimmeridge, Dorset 
Tithonian, Upper Kimmeridge Clay 
Fm. 
Type  
Cuspicephalus 
Cuspicephalus scarfi  
MJML K-1947 Incomplete mandible Kimmeridge Bay, Kimmeridge, Dorset 
Tithonian, Upper Kimmeridge Clay 
Fm. 
None 
Rhamphorhynchus sp. 
MJML K-1978 
Partial mandibular 
symphysis 
Kimmeridge Bay, Kimmeridge, Dorset 
Tithonian, Upper Kimmeridge Clay 
Fm. 
None 
Monofenestrata indet. 
MJML K-612 3 isolated teeth Kimmeridge Bay, Kimmeridge, Dorset  
Tithonian, Upper Kimmeridge Clay 
Fm. 
None Rhamphorhynchidae indet. 
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APPENDIX 3 
British Jurassic axial accessioned in U.K. collections, excluding Dimorphodon macronyx skeletons NHMUK PV R 41212, 
NHMUK PV R 1034 and NHMUK PV R 1035 or Rhamphorhynchus jessoni, NHMUK PV R 1755 (see Chapter 5 and Plate 5) 
or MJML K-96 (see Chapter 6).  
 
Accessioned to Spec. number Element Locality Stratigraphy Status Taxon 
     Bathonian       
BGS, Keyworth GSM 3885 Isolated ?rib Stonesfield,  Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
NHMUK, London 
 
 
 
 
 
 
 
 
 
NHMUK PV R 2637 
Incomplete 
synsacrum 
Eyeford, Gloucestershire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
c.f. Pterodactyloidea 
NHMUK PV R 28160 Isolated ribs Stonesfield,  Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
NHMUK PV R 28497 
Cervical 
vertebra 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
Pterosauria indet. 
NHMUK PV R 32752 
Various 
elements 
including ribs 
Stonesfield,  Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
NHMUK PV R 36823 
Thoracic 
vertebra in 
cross-section 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
Pterosauria indet. 
NHMUK PV R 37765 Isolated rib Stonesfield,  Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
NHMUK PV R 40126 2 3D cervicals Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
Monofenestrata indet. 
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NHMUK PV R 40126 Isolated ribs Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
NHMUK PV R 44820 Isolated rib Stonesfield,  Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
NHMUK PV R 2826 Isolated rib Stonesfield,  Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
 
OUM, Oxford 
OUM J.66544 
Isolated 
caudal 
centrum 
Brockhill Quarry, Naunton, Gloucestershire Bathonian, Charlbury Fm. None Non-monofenestratan indet 
OUM J.28285 
?possible 
vertebra 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Indet. 
OUM J.28279 
Indet. 
vertebra 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Indet. 
OUM J.28277 
Partial 
anteror 
cervical series 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28276 
Cervical 
vertebra 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Monofenestrata indet. 
OUM J.28280 
Incomplete 
?synsacrum 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Indet. 
OUM J.28288 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28279 
Indet. 
vertebra 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Indet. 
OUM J.28277 
Partial 
anteror 
cervical series 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28276 
Cervical 
vertebra 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Monofenestrata indet. 
OUM J.28281 
Anterior 
synsacrum 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28288 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28393 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28404 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28286 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
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OUM J.28407 ?Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28402 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28292 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28385 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28386 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM, Oxford 
OUM J.28393 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28403 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28401 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28407 ?Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
?Pterosauria indet. 
OUM J.28402 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28292 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28385 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28386 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28393 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28403 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28401 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28461 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28465 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
MUM, Manchester 
MUM REP282 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
MUM 1243 Isolated rib Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
   Kimmeridgian-Tithonian     
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MJML, Kimmeridge 
MJML K-1242 
Isolated 
thoracic 
vertebra 
Kimmeridge Bay, Kimmeridge, Dorset 
Tithonian, Upper Kimmeridge Clay 
Fm. 
None Non-pterodactyloidea indet. 
MJML K-2013 
Incomplete 
synsacrum 
Kimmeridge Bay, Kimmeridge, Dorset 
Tithonian, Upper Kimmeridge Clay 
Fm. 
None Rhamphorhynchus sp. 
 
 
APPENDIX 4 
Jurassic pterosaur wing elements accessioned within the U.K. excluding Dimorphodon macronyx skeletons NHMUK PV R 
41212, NHMUK PV R 1034 and NHMUK PV R 1035. and specimens from the OUM, NMW, MUM and NHMUK collections 
which are not identifiable.  Also does not include the associated type specimen of Rhamphorhynchus jessoni, NHMUK PV R 
1755 (see Chapter 5 and Plate 5) or MJML K-96 (see Chapter 6). 
 
Accessioned 
to 
Spec. number Element Locality Stratigraphy Status Taxon 
 
   Toarcian      
NHMUK, 
London 
NHMUK PV OR 41348 Proximal humerus Lyme Regis, Dorset Toarcian, Blue Lias Fm. None Dimorphodon macronyx   
NHMUK PV R 36712 Right humerus Scunthorpe, Yorkshire 
Toarcian, Alum Shale Mem., Whitby 
Mudstone Fm. 
None Campylognathoididae indet.   
NHMUK PV R 37002 
Associated right 
humerus and 
scapulocoracoid 
Saltwick Bay, Whitby, Yorkshire 
Toarcian, Alum Shale Mem., Whitby 
Mudstone Fm. 
None c.f. Parapsicephalus purdoni 
 
 
   Bathonian       
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BGS, Keyworth 
GSM 107498 ?Incomplete humerus Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.   
GSM 113726 Isolated WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet.   
GSM 113727 Distal  WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.   
GSM 113729 Distal femus Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.   
GSM 113758 ?Incomplete humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.   
GSM 113837 Incomplete ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None. Pterosauria indet.   
 
BGS, Keyworth 
GSM 3871 Proximal humerus Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchidae indet. 
 
GSM 3881 Incomplete ?ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
GSM 3871 Proximal humerus Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchidae indet. 
 
GSM 3881 Incomplete ?ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
GSM 3883 Indeterminate ?WP Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
GSM 47991 Incomplete WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet. 
 
GSM 54042 Incomplete WP Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
MUM, 
Manchester 
MUM L08161 Incomplete WP1/2 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
MUM L08162 
Incomplete left 
humerus 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet. 
 
MUM LL12160 Incomplete WP2/3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
MUM LL12160 WP2/3 impression Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
MUM LL8024 Distal ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar morphotype 1 
 
MUM 
REP985/LL15941.645 
Isolated right radius Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Radial morphotype 2 
 
MUM STR1244 Incomplete right MCIV Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Non-pterodactyloid indet. 
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NHMUK, 
London 
NHMUK 38019 Isolated scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
 
NHMUK 40126d Isolated coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
NHMUK 47994 Incomplete WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
NHMUK 47999 Isolated scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
 
NHMUK PV 47929 Isolated left scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
 
NHMUK PV R  40126 Isolated WP2 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
NHMUK PV R  40126 Isolated WP4 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
 
NHMUK, 
London 
NHMUK PV R 11186 Isolated WP1 Avery Hill Quarry, Oxfordshire Bathonian None Pterosauria indet.  
NHMUK PV R 1619 ?Isolated WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 2773 ?Fragmentary radius Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 28160 Isolated left humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Monofenestrata indet.  
NHMUK PV R 28160 
Various appendicular 
elements, including 
partial scapulae. 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 28160 Isolated MCIV Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Monofenestrata indet.  
NHMUK PV R 28497a ?distal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
NHMUK PV R 28497a Proximal WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 28610 Distal humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 28610 Incomplete ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar morphotype 2  
NHMUK PV R 28610 Fragmentary MCIV Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Non-pterodactyloid indet.  
NHMUK PV R 28610 Isolated scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 28610 Proximal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
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NHMUK PV R 32738 Distal ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 32752 Isolated right scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 32752 ?Manual phalanx Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 38014 Isolated WP2/3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet.  
NHMUK PV R 38015 Isolated WP3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 38016 Isolated ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar morphology 2  
NHMUK PV R 38018 Isolated WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 38019 Proximal WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet.  
 
NHMUK, 
London 
NHMUK PV R 38020 Proximal WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 38025 Incomplete radius Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Radial morphology 2  
NHMUK PV R 40126 Isolated humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet.  
NHMUK PV R 40126 Isolated left scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 40126 Partial humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchidae indet.  
NHMUK PV R 40126 Proximal left radius Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Radial morphotype 2  
NHMUK PV R 40126 Manual phalanx Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 40126 Isolated left radius Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Radial morphology 1  
NHMUK PV R 40126 Distal coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 40126 Distal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 40126 Incomplete scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 40126 Incomplete ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar morphotype 1  
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NHMUK PV R 40126 Proximal humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet.  
NHMUK PV R 40126 Distal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosaur indet.  
NHMUK PV R 40126 Incomplete ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar morphotype 2  
NHMUK PV R 40126 Fragmentary WP2/3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
Pterosauria indet.  
NHMUK PV R 40126 Incomplete WP3/4 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None 
Pterosauria indet.  
NHMUK PV R 40126 B Isolated WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
Type 
Pterodactylus 
duncani 
Rhamphorhynchinae indet.  
NHMUK PV R 40126 D Isolated WP2 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet.  
 
 
NHMUK, 
London 
NHMUK PV R 40126 A Proximal WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
Type 
Pterodactylus 
aclandi 
c.f. Rhamphorhychinae indet.  
NHMUK PV R 40126 C Incomplete WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
Type 
Pterodactylus 
kiddi 
c.f. Rhamphorhynchinae indet.  
NHMUK PV R 40126 M Incomplete WP3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 47169a Proximal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 5321 ?distal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
NHMUK PV R 5802 Fragmentary WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 6750 Isolated coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 6750 Isolated coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 6782 
Associated 
appendicular remains 
Huntsman's Quarry, Naunton, Gloucestershire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 8323 
Associated 
appendicular remains 
Huntsman's Quarry, Naunton, Gloucestershire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
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NHMUK PV R 876 
Left coracoid and 
incomplete distal 
scapula 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Non-pterodactyloid indet.  
NMW, Cardiff 
NMW GD 93.99G.4 Incomplete ?humerus Gloucestershire Bathonian, Sharp’s Hill Fm.,  None ?Pterosauria indet.  
NMW GD 93.99G.42 
Incomplete left 
humerus 
Gloucestershire Bathonian, Sharp’s Hill Fm.,  None Rhamphorhynchinae indet.  
NMW GD 93.99G.6 Isolated left scapula Gloucestershire Bathonian, Sharp’s Hill Fm.,. None Pterosauria indet.  
OUM, Oxford 
OUM J. 28302 Proximal ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J. 28303 ?Indet. WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J. 28306 
Right radius part and 
counterpart 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Radial morphotype 1  
OUM J. 28525 Proximal WP1 Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None Pterosauria indet.  
OUM J. 28526 Proximal WP1 Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None Pterosauria indet.  
OUM J. 28529 Proximal WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
 
OUM, 
Oxford 
OUM J. 28530 ?incomplete radius Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None ?Radial morphotype 2 
OUM J.2021 Incomplete WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet. 
OUM J.23043 Isolated left humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Scaphognathinae indet. 
OUM J.23406 
Incomplete left 
scapulocoracoid 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet. 
OUM J.282314b Incomplete scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28267 Isolated coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28267 Isolated coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28268 Isolated radius Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Radial morphotype 1 
OUM J.28269 Isolated MCI-III Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28270 Isolated coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28272 Incomplete ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
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OUM J.28294 
Incomplete left 
scapulocoracoid 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchidae indet. 
OUM J.28295 
Incomplete right 
scapulocoracoid 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchidae indet. 
OUM J.28296 Proximal scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28297 Right Scapulocoracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet. 
OUM J.28298 Isolated scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28299 Isolated scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28299 Isolated scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28300b Distal indet. WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet. 
OUM J.28305 Isolated MCIV Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Non-pterodactyloid indet. 
OUM J.28311 Proximal WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet. 
 
 
OUM, 
Oxford 
OUM J.28312 Isolate humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28313 Proximal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28315 Isolated WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet. 
OUM J.28316 ?distal ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28317 Isolated WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet. 
OUM J.28319 Incomplete WP3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28320 Proximal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28321 Proximal WP1/2 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28324 Incomplete WP3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
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OUM J.28325 Incomplete WP3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet. 
OUM J.28330 Incomplete ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar Morphotype 1 
OUM J.28332 Incomplete WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28333 Isolated ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28334 ?distal ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28334 Isolated ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28335 Isolated ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar Morphotype 1 
OUM J.28336 Proximal WP2 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28339 Proximal indet. WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM J.28340 ?proximal WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
OUM J.28341 Incomplete WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet. 
 
 
OUM, Oxford 
OUM J.28350 Proximal indet. WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28358 Proximal WP4 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28381 Incomplete scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28406 Incomplete scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28407 Isolated WP4 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28408 Incomplete scapula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28471 Distal ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar Morphotype 1  
OUM J.28473 Proximal WP3 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
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OUM J.28478 Incomplete left coracoid Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28517 Proximal humerus Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None c.f. Rhamphorhynchidae indet.  
OUM J.28518 
Incomplete right coracoid 
and scapula 
Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None Non-pterodactyloid indet.  
OUM J.28519 Proximal WP1 Smith's Quarry, Sarsden, Oxfordshire Bathonian, Fuller's Earth Fm. None Pterosauria indet.  
OUM J.28521 Proximal WP2 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28527 Proximal right humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28531 Incomplete WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None c.f. Rhamphorhynchinae indet.  
OUM J.28535 Distal ulna Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Ulnar Morphotype 1  
OUM J.28536 Indeterminate WP Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.29434 Incomplete right WP1 Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Rhamphorhynchinae indet.  
OUM J.54545 Isolated WP1 Over Norton, Chipping Norton, Oxfordshire 
Bathonian, Chipping Norton 
Limestone Fm. 
None Rhamphorhynchinae indet.  
OUM KP.6/88 Proximal humerus N/A N/A None Rhamphorhynchinae indet. 
 
 
 
 
OUM, Oxford 
OUM N/A Isolated left humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
OUM N/A Isolated left humerus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
 
 
  Callovian-Oxfordian     
NHMUK, 
London 
NHMUK PV R 1995 
Associated distal right 
humerus and left ulna 
St. Clements, Cambridgeshire 
Callovian, Stewartby Mem., Oxford 
Clay Fm. 
None c.f. Rhamphorhynchinae indet. 
NHMUK PV R 4759 Isolated WP1 Peterborough, Cambridgeshire 
Callovian, Peterborough Mem., 
Oxford Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 5642 
Isolated right 
scapulocoracoid 
Peterborough, Cambridgeshire 
Callovian, Peterborough Mem., 
Oxford Clay Fm. 
None Rhamphorhynchinae indet. 
OUM, Oxford OUM J.28534 Proximal WP1 Oxfordshire 
Callovian-Oxfordian, Oxford Clay 
Fm. 
None Rhamphorhynchinae indet. 
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OUM J.67270 Distal left humerus Purton, Swindon, Wiltshire 
Oxfordian, Weymouth Mem., 
Oxford Clay Fm. 
None Pterosauria indet. 
   Kimmeridgian-Tithonian     
MJML, 
Kimmeridge 
MJML  K-835 Incomplete WP2/3 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterosauria indet. 
MJML K-1026 Associated forearm Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchus sp. 
MJML K-1143 Isolated WP2 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Phalanegeal morphotype 2 
MJML K-1247 Incomplete WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchinae indet. 
MJML K-1317 Incomplete right MCIV Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchinae indet. 
MJML K-1427 Distal ulna Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Rhamphorhynchinae indet. 
MJML K-1444 Isolated MCIV Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Cycnorhamphus 
MJML K-1468b Isolated ulna Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterosauria indet. 
MJML K-1468b Isolated WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Phalangeal morphotype 2 
MJML K-1488 Isolated right radius Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterosauria indet. 
MJML K-1501 Isolated WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Phalangeal morphotype 2 
MJML K-1596 Isolated left humerus Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterodactyloidea indet. 
MJML K-1597 
Association of wing 
elements) 
Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. 
Type 
Rhamphorhynchus 
etchesi 
Rhamphorhynchus etchesi 
MJML K-1627 Isolated right MCIV Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchinae indet. 
 
MJML, 
Kimmeridge 
MJML K-1628 Isolated WP2 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Rhamphorhynchinae indet. 
MJML K-1791 Isolated WP4 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Rhamphorhynchus sp. 
MJML K-1836 Indeterminate long bone Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None ?Pterosauria indet. 
MJML K-1945 Incomplete WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterosauria indet. 
MJML K-1973 Distal ulna Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterosauria indet. 
MJML K-1992 Indeterminate WP Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterosauria indet. 
MJML K-1995 Isolated WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Pterosauria indet. 
MJML K-2016 ?Proximal WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None ?Pterosauria indet. 
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MJML K-235 Proximal WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchinae indet. 
MJML K-238 Proximal WP2 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchinae indet. 
MJML K-260 Indeterminate WP Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchinae indet. 
MJML K-357 Proximal WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Rhamphorhynchinae indet. 
MJML K-358 Proximal WP3 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Rhamphorhynchinae indet. 
MJML K-445 Proximal WP1 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None Phalangeal morphotype 3 
MJML K-445 Incomplete WP2/3 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None ?Phalangeal morphotype 2 
MJML K-461 Isolated ulna Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Dsungaripteroidea indet. 
MJML K-947 Incomplete WP3 Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Rhamphorhynchinae indet. 
MJML L-1318 
Associated limb elements 
including a MCIV and pteroid 
Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None cf. Rhamphorhynchinae indet. 
N/A 
Isolated MCIV and associated 
syncarpal 
Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeridge Clay Fm. None c.f. Cycnorhamphus 
NHMUK, 
London 
NHMUK PV R 1362 Isolated WP2 Eathie, Cromarty, Scotland 
Kimmeridgian, Cymodoce–
Mutabilis Zones, Kimmeridge Clay 
Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 1775 
Associated proximal 
phalanges 
Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 1778 Isolated MCIV Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchus sp. 
NHMUK PV R 1797 
Associated limb elements 
including a distal ulna and 
radius 
Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
 NHMUK PV R 2735 Distal humerus Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
 
 
NHMUK, 
London 
NHMUK PV R 41232 Distal ulna Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 41404 Distal ulna Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 41885 Associated proximal WP1 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 41886/7 Proximal and distal syncarpal Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 41888 Proximal WP2 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
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NHMUK PV R 41970 
Proximal humerus (type of 
Pterodactylus manseli) 
Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 41971 Proximal WP1 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 42374 Several associated WP1 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 42375 Distal MCIV Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 42378 
Distal humerus (type of 
Pterodactylus pleydelli) 
Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Non-pterodactyloid indet. 
NHMUK PV R 43035 Proximal WP1 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 43289 
Proximal WP1 and distal 
wing phalanges 
Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 43511 Distal radius Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 43571 Distal wing phalanges Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 44182 Association of several WP1 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 45918 Proximal WP1 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 45919 Distal WP2/3 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 560 Proximal WP1 Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
NHMUK PV R 561 Distal MCIV Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Pterosauria indet. 
NHMUK PV R 562 Proximal syncarpal Weymouth, Dorset 
Kimmeridgian-Tithonian, 
Kimmeridge Clay Fm. 
None Rhamphorhynchinae indet. 
 
APPENDIX 5 
British Jurassic pterosaurhind limb fossils accessioned in the U.K. excludes Dimorphodon macronyx skeletons NHMUK PV R 
41212, NHMUK PV R 1034 and NHMUK PV R 1035.  
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Accessioned 
to 
Spec. number Element Locality Stratigraphy Status Taxon 
   Bathonian fossils    
BGS, Keyworth 
G34-7 Metatarsal Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
GSA 4652 ?Incomplete tibia Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
GSD 6027 Incomplete ?tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
GSM 113724 
Right incomplete 
scapulocoracoid 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Non-pterodactyloidea indet. 
GSM 113733-38 
Associated elements 
including a proximal tibia 
Eyeford, Cheltenham, Gloucestershire. 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
GSM 3866 Associated tibia and fibula Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
GSM 3874 Isolated right femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral morphotype 2 
GSM 3882 Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
MUM, 
Manchester 
MUM L12158 Isolated right femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral Morphotype 1 
MUM L12159 Isolated left femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral Morphotype 1 
MUM L8164 ?incomplete femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
NHMUK, 
London 
NHMUK PV R 
24872 
?incomplete femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet. 
NHMUK PV R 
40126 
Isolated tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet. 
 
NHMUK, 
London 
NHMUK PV R 
40126 
?proximal femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
NHMUK PV R 
40126 
Proximal left femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral Morphotype 2  
NHMUK PV R 
40126 
Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 
47993 
Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
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NHMUK PV R 
47993 
Distal tibiotarsus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
NHMUK PV R 696 Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM, Oxford 
N/A Isolated left femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral morphotype 2  
OUM J.28273 Isolated femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral morphotype 2  
OUM J.28274 Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28304 ?Isolated tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28337 Distal tibiotarsus Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28338 ?Isolated tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28346 Proximal tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28346 Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28351 Isolated femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral morphotype 2  
OUM J.28352 Isolated femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Femoral morphotype 1  
OUM J.28353 Isolated tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28354 Isolated femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral morphotype 2  
 OUM J.28354 Isolated femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral morphotype 2  
 OUM J.28355 Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
 OUM J.28356 
Associated proximal tibia 
and fibula 
Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
 
OUM,  
Oxford 
OUM J.28357 Proximal tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28357 Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28378 Isolated femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Femoral morphotype 1  
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OUM J.28474 ?Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28476 Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.28479 ?incomplete femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None ?Pterosauria indet.  
OUM J.28481 ?Incomplete tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.29489 Distal tibia Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Pterosauria indet.  
OUM J.29839 Isolated left femur Stonesfield, Oxfordshire 
Bathonian, Stonesfield Slate Mem., 
Taynton Limestone Fm. 
None Femoral morphotype 1  
   Callovian-Oxfordian fossils     
OUM, 
Oxford 
OUM J.28533 Distal right femur Oxford 
Callovian-Oxfordian, Oxford 
Clay Fm. 
None Pterosauria indet.  
   Kimmeridgian-Tithonian fossils     
MJML, 
Kimmeridge 
MJML K-1048 Incomplete right femur Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeride Clay Fm. None c.f. Dsungaripteroidea indet.  
MJML K-1429 Isolated left femur Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeride Clay Fm. None Pterodactyloidea indet.  
MJML K-843 Incomplete tibiotarsus Kimmeridge Bay, Kimmeridge, Dorset Tithonian, Kimmeride Clay Fm. None Pterosauria indet.  
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APPENDIX 6 
 
(a) Data used for the estimation of pterosaur wingspans based on the ratio of 
total humerus length versus estimated total wingspan. All measurements 
are given in millimetres. Wingspan estimated using the methodology of 
Bennett (2001) whereby the length of one outstretched wing is doubled, to 
compensate for both the animal’s torso and the natural disposition of the 
humerus, radius and ulna.  Data taken from the following sources: Colbert 
(1969), Wellnhofer (1975), Czerkas and Ji (2002), Padian (2008a; b), 
Andres et al. (2010) and Lü et al. (2012a). This data is represented 
graphically in Chapter 3. 
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Dorygnathus BSP 1938 I49 890 51 17.45 5.730337079 
  MBR 1905.15 970 65 14.92 6.701030928 
  MBR 1920.16 1400 80 17.50 5.714285714 
  MBR 1977.21 1690 84 20.12 4.970414201 
  Museum Hauff 665 38 17.50 5.714285714 
  U Lowen (stolen) 1025 60 17.08 5.853658537 
  GPIT 1645/1 1085 60 18.08 5.529953917 
  GPIT (lost) 935 57.5 16.26 6.14973262 
  Swedish 1150 65 17.69 5.652173913 
  UUPM R157 1030 61 16.89 5.922330097 
  NHMW, Vienna 1070 61 17.54 5.700934579 
  U Zurich A/III 493 1050 61 17.21 5.80952381 
  SMNS 18880 820 51 16.08 6.219512195 
  SMNS 18969 1000 57 17.54 5.7 
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  SMNS 50164 1150 75 15.33 6.52173913 
  SMNS 50702 870 50 17.40 5.747126437 
 
  SMNS 51106 1150 57 20.18 4.956521739 
  SMNS 51827 975 52 18.75 5.333333333 
  SMNS 52998 1000 47 21.28 4.7 
  SMNS 52999 960 51 18.82 5.3125 
  SMNS 55886 960 51 18.82 5.3125 
  SMNS 56255 990 56 17.68 5.656565657 
Rhamphorhynchus Haarlem (TM) 6924 366 16.5 22.18 4.508196721 
  Meyer 1847 12 fig 2. Eichstatt 348 15.3 22.75 4.396551724 
  Wagner 1861 113 fig 5. eichstatt 378 17 22.24 4.497354497 
  Munchen (BST) 1877 X 1 332 14.6 22.74 4.397590361 
  Munchen (BST) 1889 XI 1 346 15.5 22.32 4.479768786 
  Munchen (BST)1959 I 400 221 19 11.63 8.597285068 
  Munchen (BST) 1939 I 503 211 17 12.41 8.056872038 
  Eichstatt (PTH)1966 6 173 16.8 10.30 9.710982659 
  Solnhofen (MM) 320 14.5 22.07 4.53125 
  Solnhofen (MM) 314 14 22.43 4.458598726 
  Leich 1958 154 Bachum (SL) 010 340 15.3 22.22 4.5 
  Harthof (MB) 410 18 22.78 4.390243902 
  Frankfurt (JS) 324 15.5 20.90 4.783950617 
  Berlin (MNHU) 352 16 22.00 4.545454545 
  Harthof (MB) 290 14.5 20.00 5 
  Pittsburgh (CM) 11433 386 16.5 23.39 4.274611399 
  Kopenhagen (MMK) V45/1 294 13.5 21.78 4.591836735 
  Kopenhagen (MMK) 1891 740 336 15.5 21.68 4.613095238 
  Munchen (BST) 1934 I 36 486 19.5 24.92 4.012345679 
  Erlangen 476 24 19.83 5.042016807 
  Brunn (UB) E 554 534 21.8 24.50 4.082397004 
  London (BM) 42738 592 24.5 24.16 4.138513514 
  Frankfurt (JS) 470 19 24.74 4.042553191 
  Erlangen (GIE) 474 20 23.70 4.219409283 
  New Haven (YPM) 1778 858 31.5 27.24 3.671328671 
  Halle (MLU) 886 33 26.00 3.724604966 
  Dresden (SMD) 914 34 26.88 3.719912473 
  New York (AMNH) 1943 1080 38.5 28.05 3.564814815 
  London (BM) 37787 1218 45 27.07 3.694581281 
  Frankfurt (SMF) R 412B 1122 38 29.53 3.386809269 
  Solnhofen (MM) 914 32 28.56 3.501094092 
  Zurich (PMZ) A/III 107 813 31 26.23 3.81303813 
  Obereichstatt (ES) 960 35.5 27.04 3.697916667 
  Pittsburgh (CM) 11432 942 34.5 27.30 3.662420382 
  London (BM) R 2786 963 38 25.34 3.946002077 
  Munchen (BST) AS I 771 1016 40 25.40 3.937007874 
  ? 1166 42 27.76 3.602058319 
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  BMNH 37002 (est) 1800 79 22.78 4.388888889 
  Eichstatt (WE) 1077 40.5 26.59 3.760445682 
  Eichstatt (WE) 1104 41 26.93 3.713768116 
  Obereichstatt (ES) 923 34.5 26.75 3.737811484 
  Obereichstatt (ES) 829 31 26.74 3.739445115 
  Maxberg (Gunzenhausen) 888 35.5 25.01 3.997747748 
  Maxberg (Gunzenhausen) 959 40 23.98 4.17101147 
  Kopenhagen (MMK) 1891 738 745 30 24.83 4.026845638 
  Heidelberg (GPIH) MYE 13 1010 38.5 26.23 3.811881188 
  Washington (USNM) 2420 1121 41 27.34 3.657448707 
  Eichstatt (PTH) 1104 43 25.67 3.894927536 
  Obereichstatt (ES) 1007 36 27.97 3.574975174 
  Pittsburgh (CM) 11428 975 44 22.16 4.512820513 
  Harthof (MB) 811 34 23.85 4.192355117 
  London (BM) 43004 978 37 26.43 3.783231084 
  Eichstatt (PTH) 1955 135a 949 37 25.65 3.898840885 
  Obereichstatt (ES) 945 36.5 25.89 3.862433862 
  Cambridge (MCZ) 1504 1000 38 26.32 3.8 
  Stuttgart (SMS) 9620 941 35.5 26.51 3.772582359 
Sericipterus IVPP V14725 1730 100.3 17.25 5.797687861 
Qinglongopterus D3080, D3081 344 17.8 19.33 5.174418605 
Nesodactylus AMNH 2000 1283 46.5 27.59 3.624318005 
Pterodaustro CAGS02-IG-gausa-2/M 608 768 52 14.77 6.770833333 
Campylognathoides SMNS 51100 1662 67 24.81 4.031287605 
  MNHN HLZ 50 964 50 19.28 5.186721992 
  CM 11424 952 50 19.04 5.25210084 
  SMNS 18879 842 45 18.71 5.344418052 
  SMNS 50735 1030 53 19.43 5.145631068 
Austriadactylus SMNS 56342 1200 70 17.14 5.833333333 
  SC 332466 413 36 11.47 8.716707022 
Peteinosaurus MCSNB 3359 544 39 13.95 7.169117647 
Preondactylus MFSN 1770 396 32 12.38 8.080808081 
Eudimorphodon MPUM 6009 427 26.3 16.24 6.159250585 
  MCSNB 8950 412 26 15.85 6.310679612 
  MFSN 1797 611 42 14.55 6.873977087 
Caviramus BNM 14524 1350 82 16.46 6.074074074 
Batracognathus PIN 2585/4a 750 21 35.71 2.8 
Dendorhynchoides GMV2128 400 27 14.81 6.75 
Jeholopterus IVPP V12705 818 57 14.35 6.968215159 
CarniaDactylus MFSN 1797 712 42 16.95 5.898876404 
Jianchangopterus YHK-0931 316 21.4 14.77 6.772151899 
Wukongopterus IVPP V15113 671 38.7 17.34 5.767511177 
Kunpengopterus IVPP V16047 677 36.2 18.70 5.347119645 
Changchengopterus CYGB-0036 349 25.9 13.47 7.421203438 
Darwinopterus IVPP V16049 649 40 16.23 6.163328197 
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  41HIII-0309A 884 50 17.68 5.656108597 
  ZMNH M8802 780 52 15.00 6.666666667 
 
(b) Data used for the estimation of pterosaur wingspans based off of the ratio 
of total ulna length versus estimated total wingspan. All measurements are 
given in millimetres. Wingspan estimated using the methodology of Bennett 
(2001) whereby the length of one outstretched wing is doubled, in order to 
compensate for both the animal’s torso and the natural flexure of the 
humerus, radius and ulna.  Data taken from the following sources: Colbert 
(1969), Wellnhofer (1975), Czerkas and Ji (2002), Dalla Vecchia et al. 
(2002), Fröbisch and Fröbisch (2006), Dalla Vecchia (2009), Padian 
(2008a; b), Andres et al. (2010), Wang et al. (2010) Lü et al. (2012a), Lü 
and Hone (2012). A graphical representation is presented below. 
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Dorygnathus BSP 1938 I49 890 82 10.85 9.213483146 
  MBR 1905.15 970 105 9.24 10.82474227 
  MBR 1920.16 1400 133 10.53 9.5 
  MBR 1977.21 1690 142 11.90 8.402366864 
  Museum Hauff 665 60 11.08 9.022556391 
  U Lowen (stolen) 1025 93 11.02 9.073170732 
  GPIT 1645/1 1085 101 10.74 9.30875576 
  GPIT (lost) 935 92 10.16 9.839572193 
  Swedish 1150 103 11.17 8.956521739 
  UUPM R157 1030 99 10.40 9.611650485 
  NHMW, Vienna 1070 101 10.59 9.439252336 
  U Zurich A/III 493 1050 92 11.41 8.761904762 
  SMNS 18880 820 68 12.06 8.292682927 
  SMNS 18969 1000 94 10.64 9.4 
  SMNS 50164 1150 105 10.95 9.130434783 
  SMNS 50702 870 79 11.01 9.08045977 
  SMNS 51827 975 89 10.96 9.128205128 
Rhamphorhynchus Haarlem (TM) 6924 366 26.7 13.71 7.295081967 
  Meyer 1847 12 fig 2. Eichstatt 348 26 13.38 7.471264368 
  Wagner 1861 113 fig 5. eichstatt 378 28 13.50 7.407407407 
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  Munchen (BST) 1877 X 1 332 23.8 13.95 7.168674699 
  Munchen (BST) 1889 XI 1 346 24 14.42 6.936416185 
  Munchen (BST)1959 I 400 221 32 6.91 14.47963801 
  Munchen (BST) 1938 I 503 211 29.5 7.15 13.98104265 
  Eichstatt (PTH)1966 6 173 27 6.41 15.60693642 
  Solnhofen (MM) 320 25 12.80 7.8125 
  Solnhofen (MM) 314 23 13.65 7.324840764 
  Leich 1958 154 Bachum (SL) 010 340 25.5 13.33 7.5 
  Harthof (MB) 410 28 14.64 6.829268293 
  Frankfurt (JS) 324 25 12.96 7.716049383 
  Berlin (MNHU) 352 26 13.54 7.386363636 
  Harthof (MB) 290 22.5 12.89 7.75862069 
  Pittsburgh (CM) 11433 386 26 14.85 6.735751295 
  Kopenhagen (MMK) V45/1 294 21 14.00 7.142857143 
  Kopenhagen (MMK) 1891 740 336 24.7 13.60 7.351190476 
  Munchen (BST) 1934 I 36 486 30 16.20 6.172839506 
  Erlangen 476 36 13.22 7.56302521 
  Brunn (UB) E 554 534 37.5 14.24 7.02247191 
  London (BM) 42738 592 40 14.80 6.756756757 
  Frankfurt (JS) 470 33.5 14.03 7.127659574 
  Erlangen (GIE) 474 32.6 14.54 6.877637131 
  New Haven (YPM) 1778 858 56 15.32 6.526806527 
  Halle (MLU) 886 56 15.32 6.320541761 
  Dresden (SMD) 914 58 15.76 6.345733042 
  New York (AMNH) 1943 1080 67.3 16.05 6.231481481 
  London (BM) 37787 1218 73.5 16.57 6.034482759 
  Frankfurt (SMF) R 412B 1122 66 17.00 5.882352941 
  Solnhofen (MM) 914 59.5 15.36 6.509846827 
  Zurich (PMZ) A/III 107 813 56.7 14.34 6.974169742 
  Obereichstatt (ES) 960 64 15.00 6.666666667 
  Pittsburgh (CM) 11432 942 59 15.97 6.263269639 
  London (BM) R 2786 963 62 15.53 6.438213915 
  Munchen (BST) AS I 771 1016 62.5 16.26 6.151574803 
  Eichstatt (WE) 1077 67 16.07 6.220984215 
  Eichstatt (WE) 1104 71 15.55 6.43115942 
  Obereichstatt (ES) 923 57.5 16.05 6.229685807 
  Obereichstatt (ES) 829 55 15.07 6.634499397 
  Maxberg (Gunzenhausen) 888 58 15.31 6.531531532 
  Maxberg (Gunzenhausen) 959 58 16.53 6.047966632 
  Kopenhagen (MMK) 1891 738 745 50.5 14.75 6.77852349 
  Heidelberg (GPIH) MYE 13 1010 61 16.56 6.03960396 
  Washington (USNM) 2420 1121 71 15.79 6.333630687 
  Eichstatt (PTH) 1104 68 16.24 6.15942029 
  Obereichstatt (ES) 1007 61.5 16.37 6.107249255 
  Pittsburgh (CM) 11428 975 64 15.23 6.564102564 
  Harthof (MB) 811 54.5 14.88 6.720098644 
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  London (BM) 43004 978 62 15.77 6.339468303 
  Eichstatt (PTH) 1955 135a 949 59.5 15.95 6.26975764 
  Cambridge (MCZ) 1504 1000 63 15.87 6.3 
  Stuttgart (SMS) 9620 941 58.5 16.09 6.216790648 
Pterorhynchus CAGS02-IG-gausa-2/M 608  768 91 8.44 11.84895833 
Campylognathoides SMNS 51100 1662 71 23.41 4.271961492 
  MNHN HLZ 50 964 64 15.06 6.639004149 
  CM 11424 952 60 15.87 6.302521008 
  SMNS 18879 842 53 15.89 6.294536817 
  SMNS 50735 1030 66 15.61 6.40776699 
  SMNS 9787 1825 83 21.99 4.547945205 
  GPIT 9533 825 52 15.87 6.303030303 
  UUPM R157 1025 64 16.02 6.243902439 
  SMNS 54049 825 53 15.57 6.424242424 
Austriadactylus SMNS 56342 (wing estimate) 1200 50 24.00 4.166666667 
  SC 332466 413 96.5 4.28 23.36561743 
Eudimorphodon MPUM 6009 427 36 11.86 8.430913349 
  MCSNB 8950 412 38 10.84 9.223300971 
  MFSN 1797 611 55 11.11 9.001636661 
Caviramus BNM 14524 1350 106 12.74 7.851851852 
Dendorhynchoides GMV2128  400 35.5 11.27 8.875 
Jeholopterus IVPP V12705  818 89 9.19 10.8801956 
Carniadactylus MFSN 1797  712 56 12.71 7.865168539 
Wukongopterus IVPP V15113  671 62.1 10.81 9.254843517 
Kunpengopterus IVPP V16047  677 59.2 11.44 8.744460857 
Changchengopterus CYGB-0036 349 36.8 9.48 10.54441261 
Darwinopterus IVPP V16049 649 60 10.82 9.244992296 
  41HIII-0309A 884 80 11.05 9.049773756 
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(c) Data used for the estimation of pterosaur wingspans based on the ratio of 
total WP1 length versus estimated total wingspan. All measurements are 
given in millimetres. Wingspan estimated using the methodology of Bennett 
(2001) whereby the length of one outstretched wing is doubled, in order to 
compensate for both the animal’s torso and the natural flexure of the 
humerus, radius and ulna.  Data taken from the following sources: Colbert 
(1969), Wellnhofer (1975), Czerkas and Ji (2002), Padian (2008a; b), 
Ulna length (mm) 
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Andres et al. (2010) and Lüet al. (2012a). A graphical representation is 
presented below. 
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Dorygnathus  BSP 1938 I49 890 60  14.83 
  MBR 1905.15 970 79  12.28 
  MBR 1920.16 1400 99  14.14 
  MBR 1977.21 1690 110  15.36 
  Museum Hauff 665 44  15.11 
  U Lowen (stolen) 1025 72  14.24 
  BMNH R 10087 1285 90  14.28 
  GPIT 1645/1 1085 80  13.56 
  GPIT (lost) 935 75  12.47 
  Swedish 1150 81  14.20 
  UUPM R157 1030 72  14.31 
  NHMW, Vienna 1070 79  13.54 
  U Zurich A/III 493 1050 75  14.00 
  SMNS 18880 820 59  13.90 
  SMNS 18969 1000 78  12.82 
  SMNS 50164 1150 75  15.33 
  SMNS 50702 870 63  13.81 
  SMNS 51106 1150 74  15.54 
  SMNS 51826 1150 76  15.13 
  SMNS 51827 975 70  13.93 
  SMNS 52999 960 69  13.91 
  SMNS 55886 960 67  14.33 
  SMNS 56255 990 71  13.94 
  Haarlem (TM) 6924 366 37  9.89 
  Meyer 1847, 12 fig 2. Eichstätt 348 33  10.55 
Rhamphorhynchus Wagner 1861 113 fig 5. Eichstätt 378 37.5  10.08 
  Munich (BST) 1877 X 1 332 31  10.71 
  Munich (BST) 1889 XI 1 346 32  10.81 
  Munich (BST)1959 I 400 221 44  5.02 
  Munich (BST) 1938 I 503 211 40.5  5.21 
  Eichstätt (PTH)1966 6 173 35.5  4.87 
  Solnhofen (MM) 320 31  10.32 
  Solnhofen (MM) 314 29  10.83 
  Leich 1958, 154 Bachum (SL) 010 340 36  9.44 
  Harthof (MB) 410 39.5  10.38 
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  Frankfurt (JS) 324 32.5  9.97 
  Berlin (MNHU) 352 36  9.78 
  Harthof (MB) 290 29  10.00 
  Pittsburgh (CM) 11433 386 37  10.43 
  Kopenhagen (MMK) V45/1 294 30  9.80 
  Kopenhagen (MMK) 1891 740 336 33  10.18 
  Munchen (BST) 1934 I 36 486 50  9.72 
  Erlangen 476 48  9.92 
  Brunn (UB) E 554 534 54  9.89 
  London (BM) 42738 592 60  9.87 
  Frankfurt (JS) 470 49.5  9.49 
  Erlangen (GIE) 474 46  10.30 
  New Haven (YPM) 1778 858 85  10.09 
  Halle (MLU) 886 91  9.43 
  Dresden (SMD) 914 95  9.62 
  New York (AMNH) 1943 1080 114  9.47 
  London (BM) 37787 1218 123.5  9.86 
  Frankfurt (SMF) R 412B 1122 114.5  9.80 
  Solnhofen (MM) 914 92.5  9.88 
  Zurich (PMZ) A/III 107 813 83  9.80 
  Obereichstätt (ES) 960 100  9.60 
  Pittsburgh (CM) 11432 942 96  9.81 
  London (BM) R 2786 963 102  9.44 
  Munich (BST) AS I 771 1016 105  9.68 
  ? 1166 120  9.72 
  BMNH 37002 (est) 1800 202  8.91 
  Eichstätt (WE) 1077 111  9.70 
  Eichstätt (WE) 1104 110  10.04 
  Obereichstätt (ES) 923 96  9.61 
  Obereichstätt (ES) 829 88  9.42 
  Maxberg (Gunzenhausen) 888 93  9.55 
  Maxberg (Gunzenhausen) 959 99  9.69 
  Kopenhagen (MMK) 1891 738 745 80.5  9.25 
  Heidelberg (GPIH) MYE 13 1010 102.5  9.85 
  Washington (USNM) 2420 1121 110  10.19 
  Eichstätt (PTH) 1104 108.5  10.18 
  Obereichstätt (ES) 1007 99  10.17 
  Pittsburgh (CM) 11428 975 100  9.75 
  Harthof (MB) 811 83  9.77 
  London (BM) 43004 978 103  9.50 
  Eichstätt (PTH) 1955 135a 949 99  9.59 
  Obereichstätt (ES) 945 101.5  9.31 
  Cambridge (MCZ) 1504 1000 105  9.52 
  Stuttgart (SMS) 9620 941 95  9.91 
Sericipterus IVPP V14725  1730 127  13.62 
Pterorhynchus CAGS02-IG-gausa-2/M 608 768 57.5  13.36 
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APPENDIX 7 
Ratio data for the testing of the relationships of MJML K-1597 using various 
elements of the pterosaur wing. The results are presented as 4 bivariate 
graphs below. Note that it consistently clusters within the upper boundaries 
of the Rhamphorhynchus data set. Data sources are provided in Chapter 7. 
The data is presented as ratios relative to the smallest element of the 
forearm in non-pterodactyloids (MCIV). 
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Rhamphorhynchus TM 6924 1.7 2.7 1 3.7 3.2 3.9   
  N/A (Wellnhofer Exemplar nr. 2) 1.5 2.6 1 3.3 3.2 2.7 3.2 
  N/A (Wellnhofer Exemplar nr. 3) 1.7 2.8 1 3.8 3.3 3 3.1 
  BSP 1877 X 1 1.5 2.5 1 3.2 3 2.8 3.4 
  BSP 1899 X1 1.6 2.5 1 3.4 3 2.7 3.2 
  BSP 1959 I 400 1.6 2.7 1 3.7 3.3 2.9 3 
  BSP 1938 I 503 1.5 2.5 1 3.5 3.3 2.9 3.3 
  PTH 1966 6 1.9 3 1 3.9 3.3 3 3.4 
  N/A (Wellnhofer Exemplar nr. 13) 1.6 2.8 1 3.4 3 2.9 3.1 
  N/A (Wellnhofer Exemplar nr. 14) 1.3 2.1 1 2.6 2.4 2.1 3.2 
  SL 010 1.6 2.7 1 3.8 2.8 2.5 2.7 
  N/A (Wellnhofer Exemplar nr. 17) 1.6 2.5 1 3.5 3.2 3.1 2.4 
  N/A (Wellnhofer Exemplar nr. 18) 1.7 2.8 1 3.6 3.2 2.8 3.4 
  N/A (Wellnhofer Exemplar nr. 19) 1.6 2.6 1 3.6 3 2.7 3 
  N/A (Wellnhofer Exemplar nr. 20) 1.9 2.9 1 3.8 3.1 2.8 3.2 
  CM 11433 1.7 2.6 1 3.7 3.5 3.2 3.2 
  MMK V 45/1 1.6 2.5 1 3.5 2.9 2.7 3.6 
  MMK 1891 740 1.6 2.6 1 3.5 3.1 2.9 3.1 
  BSM 1934 I 36 1.7 2.5 1 4.2 3.8 3.4 2.9 
  N/A (Wellnhofer Exemplar nr. 25) 1.7 2.6 1 3.4 3 2.6 3.9 
  UB E 554 1.6 2.7 1 4 3.7 3.2 2.6 
  NHMUK PV R 42738 1.9 3.4 1 5 4.3 3.8 3.5 
  N/A (Wellnhofer Exemplar nr. 29) 1.6 2.7 1 3.7 3.5 3.1 4.3 
  N/A (Wellnhofer Exemplar nr. 31) 1.9 3.3 1 5.6 4.4 4.4 3.5 
  YPM 1778 1.7 2.9 1 4.8 4.5 4.1 4.7 
  N/A (Wellnhofer Exemplar nr. 34) 1.9 3.2 1 5.3 4.8 4.5 4.2 
  N/A (Wellnhofer Exemplar nr. 36) 1.8 3.2 1 5.4 5.2 4.7 4.7 
  AMNH 1943 1.9 3.1 1 5.1 5 4.7 4.4 
  NHMUK PV R 37787 1.8 3.1 1 5.5 5.5 5.1 4.7 
  SMFR 4128 1.7 3.1 1 4.9 4.6 4.2 4.8 
  N/A (Wellnhofer Exemplar nr. 44) 1.8 3.3 1 4.8 4.5 4 4.6 
  PMZ A/III 07 1.6 2.9 1 4.5 4.2 3.8 4 
  CM 11432 1.8 3 1 4.9 4.6 4.2 3.5 
  NHMUK R 2786 2 3.3 1 5.3 4.9 4.6 4.5 
  BSM AS I 771 1.9 3 1 5 4.7 4.3 4.2 
  BSM AS I 772 2 3.3 1 5.7 5.6 5.2 4.3 
  N/A (Wellnhofer Exemplar nr. 62) 1.9 3.2 1 5.3 5.1 4.7 4.8 
  N/A (Wellnhofer Exemplar nr. 63) 1.8 3.2 1 4.9 4.8 4.4 4.3 
  N/A (Wellnhofer Exemplar nr. 64) 1.8 2.9 1 4.9 4.7 4.2 4.4 
  N/A (Wellnhofer Exemplar nr. 65) 1.6 2.9 1 4.6 4.3 3.8 4.2 
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  N/A (Wellnhofer Exemplar nr. 67) 2.1 3.5 1 5.6 5.2 4.7 3.6 
  N/A (Wellnhofer Exemplar nr. 69) 2 2.9 1 5 4.8 4.3 4.5 
  N/A (Wellnhofer Exemplar nr. 71) 1.7 2.9 1 4.7 4.1 3.6 4.1 
  GPIH MYE 13 2.1 3.4 1 5.7 5.6 5 3.6 
  USNM 2420 1.9 3.2 1 5.1 5 4.7 5.2 
  N/A (Wellnhofer Exemplar nr. 77) 2.2 3.4 1 5.7 5.4 4.9 4.6 
  N/A (Wellnhofer Exemplar nr. 79) 1.7 2.9 1 4.7 4.7 4.4 5.1 
  CM 11428 2.2 3.2 1 5 4.6 4.3 4.5 
  N/A (Wellnhofer Exemplar nr. 84) 2.1 3.1 1 5 4.8 4.2 4 
  NHMUK PV R 43004 1.9 3.1 1 5.1 4.8 4.4 4.2 
  PTH 1955 135a 1.9 3.1 1 5.2 4.8 4.5 4.2 
  RM ST 18185 1.8 3 1 5.1 4.6 4.3 4.4 
  MCZ 1504 2 3.3 1 5.5 5.3 4.8 3.8 
  SMNS 9620 1.8 2.7 1 4.4 4.3 4 4.4 
  MJML K-1597 1.9 3 1 5.3 5.5 5.1 4.8 
Dorygnathus BSP 1938 149 2 3.3 1 2.4 2.9 3 2.5 
  MBR 1905 15 2 3.2 1 2.5 2.9 2.9 2.6 
  MBR 1920 16 2.1 3.4 1 2.6 3.1 3.1 2.4 
  Museum Hauff  2 3.1 1 2.3 2.7 2.7 2.3 
  University Lowen 2 3.3 1 2.6 3.2 3.1 2.4 
  GPIT 1645/1 2 3.3 1 2.7 3.1 3 2.6 
  GPIT 1645/2 2.1 3.4 1 2.5 3 3 2.4 
  UUPM R157 1.9 3.2 1 2.5 3.2 3.2 2.8 
  NHMW Vienna 2.3 3.5 1 2.8 3.2 3.4 2.8 
  PMZ A/III 493 2 2.7 1 2.4 2.8 2 1.8 
  SMNS 18880 2 3.2 1 2.7 3.2 2.8 1.7 
  SMNS 18969 2.3 3.2 1 2.3 2.9 2.9 2.2 
  SMNS 50164 1.9 3 1 2.4 2.7 2.6 3 
  SMNS 50702 2 3.3 1 2.6 3.2 3.2 2.8 
  SMNS 50914 2 3.3 1 2.6 3 3 2.5 
  SMNS 50915 1.9 3 1 2.5 2.9 2.9 2.5 
  SMNS 51827 1.8 2.9 1 2.4 2.8 2.7 2.3 
Scaphognathus GPIB 1304  2 3.5 1 2.6 2.8 0 0 
  SMNS 59395 2.2 3.5 1 2.5 2.8 2.7 2.5 
  Maxberg Specimen 2 3.3 1 2.5 2.7 2.7 2.5 
  BMNHCPH000988 2.7 4.2 1 2.9 3.9 4.3 0 
Campylognathoides SMNS 9787 0 2.8 1 6.5 7 5.5 4.1 
  SMNS 51100 2.4 2.5 1 7 7.1 5.5 4.1 
  MNHN HLZ 50 2.2 2.9 1 4 4.3 3.7 3 
  CM11424 2.2 2.6 1 4 4.2 3.7 3 
  SMNS 50735 2.4 3 1 4.5 4.9 4.3 3.2 
  UUPM R157 2.4 2.9 1 4.2 4.4 0 0 
Wukongopteridae ZMNH M8782 1.6 2.6 1 1.8 2.2 2.3 0 
  ZMNH M8802 1.7 2.7 1 2.2 2.5 2.5 2.2 
  IVPP V15113 1.9 2.9 1 2.1 2.7 2.7 1.8 
  IVPP V16049 1.7 2.6 1 2 2.2 2.3 2.3 
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  IVPP V16047 1.6 2.6 1 2.4 2.5 2.6 2.1 
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APPENDIX 8 
Comparative data showing the relationship between skull length and 
skull+cervicals+PCRW (precaudalrumpswirdel/ thoracic vertebrae) in 
Rhamphorhynchus and Qinglongopterus. All measurements are given in 
millimetres. It demonstrates that the skull exhibits a consistently negative 
allometric relationship with respect to the SCPCRW complex. This is represented 
graphically in Chapter 6. The data was taken from Wellnhofer (1975) and Lü et al. 
(2012).  
 
Wellnhofer 1975 
exemplar 
Skull+Cervical+PCRW 
(mm) 
Skull 
(mm) 
SCPCRW/Skull 
1 109 40 2.73 
6 98 35 2.80 
7 96 35 2.74 
10 111 41 2.71 
16 136.8 46.3 2.95 
24 133.2 50.2 2.65 
25 147 57 2.58 
26 145.3 54.3 2.68 
28 148.5 55.5 2.68 
29 131 50 2.62 
49 299 110 2.72 
58 255 105 2.43 
67 243 95 2.56 
68 207.7 78.7 2.64 
72 262 100 2.62 
74 304.3 124.3 2.45 
75 290.8 123.3 2.36 
76 291 116 2.51 
80 211 87 2.43 
81 413 150 2.75 
85 91 28 3.25 
109 299.5 116.5 2.57 
Qinglongopterus 88.3 25 3.53 
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Plate 1 
Examples of pterosaur wing phalanges from the Taynton Limestone 
Formation of Oxfordshire and Gloucestershire. 
Fig. a – NHMUK PV R 40126 B, right wing phalanx 1 in dorsal view. The type specimen of 
Pterodactylus duncani.  
Fig. b – NHMUK PV R 40126 C, left wing phalanx 1 in ventral view. The type specimen of 
Pterodactylus kiddi.  
Fig. c – NHMUK PV R 40126 A, right wing phalanx 1 in ventral view. The type specimen 
of Pterodactylus aclandi.  
Fig. d – OUM J.28534, left wing phalanx 1 in dorsal view.   
Fig. e – NHMUK PV R 40126, right wing phalanx 3? in dorsal view.  
Fig. f – GSM 113726, left wing phalanx 1 in dorsal view. 
Fig. g – NHMUK PV R 38015, left wing phalanx 3 in dorsal view. 
Fig. h – OUM J.28336, wing phalanx 2 in dorsal view. 
Fig. i – Indet right wing phalanx 4 in dorsal view.  
 
All scale bars 10 mm.  
 329 
 
 
 
 330 
 
Plate 2 
Examples of pterosaur scapulae and coracoids from the Taynton 
Limestone Formation of Oxfordshire and Gloucestershire. 
Fig. a – OUM J.28270, right coracoid in posterolateral view. 
Fig. b – NHMUK PV R 876, left coracoid in anteromedial view.   
Fig. c – OUM J.28299, left scapula in posterolateral view. 
Fig. d – OUM J.28296, indet scapula in anteoposterior lateromedial view.  
Fig. e – NHMUK PV R 40126, indet scapula in anteoposterior lateromedial view. 
 
All scale bars 10 mm.  
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Plate 3 
Examples of pterosaur radii and ulnae from the Taynton Limestone 
Formation of Oxfordshire and Gloucestershire. 
Fig. a – MUM LL15941.645, right radius in posterior view. 
Fig. b – NMW GD 93.99G.2, impression of a radius and ulna. 
Fig. c. – NHMUK PV R 28610, left ulna in anterior view.  
Fig. d – NHMUK PV R 38016, right ulna? in posterior view.  
Fig. e – NHMUK PV R 40126, right? radius in posterior view.  
Fig. f – NHMUK PV R 40126, proximal right? radius in anteroposterior view.  
Fig. g – OUM J.28334, left? ulna in posterior view. 
Fig. h – OUM J.28471, proximal right ulna in posterior view.  
 
All scale bars 10 mm.  
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Plate 4 
The type specimen of Rhamphorhynchus jessoni, NHMUK PV R 1755, 
from the Oxfordian Weymouth Member of the Oxford Clay Formation, 
St. Ives.  
Fig. a – Associated elements including two anterior caudal vertebrae in dorsal view. 
Fig. b – Pterosaur sternum in ventral view.  
Fig. c – Anterior synsacrals in ventral view. 
Figs. d-e – Block with several indeterminate fossil elements.  
Fig. f – Isolated dorsal vertebra identified as a dorsal vertebra 6 in left lateral view. 
Fig. g – Possible indeterminate vertebra. 
Fig. h-I – Left proximal femur in anterior view. 
Fig. j – Isolated caudal vertebra in dorsal view. 
Fig. k – Probable cervical vertebrae in dorsoventral view.  
Fig. l – Left femur in posterior view. 
Fig. m – Isolated possible caudal vertebra in dorsal view.. 
Figs. n-o – Left and right iliae with partial sacral ribs and acetabulae.  
Fig. p – Right femur in posterior view. 
Figs. q-t – Indeterminate material.  
All scale bars 5 mm.  
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